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^JpHE  substances  which  are  formed  in  the  Vegetable 
and  Animal  Systems,  and  which  are  to  be  the  sub- 
jects of  consideration -in  this  volume,  are  all  compounds. 
From  the  nature  of  their  chemical  constitution,  they  de- 
rive peculiar  characters  by  which  they  are  connected  with 
each  other,  and  are  discriminated  from  the  compounds 
which  belong  to  the  mineral  kingdom. 

A  greater  number  of  primary  substances,  or  of  those 
which  we  regard  as  simple,  are  to  be  found  in  the  mineral 
kingdom,  but  these  are  generally  united  in  binary  combi- 
nations, or  by  the  direct  union  of  such  binary  compounds 
others  are  formed.  In  the  products  of  the  vegetable  and 
animal  systems,  the  ultimate  principles  are  less  varied  ;  but 
there  is  more  diversity  in  the  modes  in  which  they  are  com- 
bined. From  all  of  them  nearly  the  same  primary  substan- 
ces are  obtained ;  but  these,  instead  of  being  united  in  mere 
binary  combinations,  are  generally  in  more  complicated 
states  of  union,  three,  four  or  more  substances  having  their 
Vol.  IV.  A 


2  SYSTEM  OF  CHEMISTRY. 

affinities  balanced,  so  as  to  form  one  individual  combina- 
tion ;  and  from  diversities  in  the  modes  of  union,  rather 
than  from  differences  in  their  ultimate  principles,  arise  the 
differences  of  ^^roperties  by  which  they  are  distinguished. 

From  this  difference  in  constitution  arise  other  chemical 
characters  by  which  these  orders  of  natural  substances  are 
discriminated.    The  compounds  of  the  mineral  kingdom, 
consisting,  in  general,  of  two  immediate  principles,  united 
by  a  single  affinity",  have  no  tendency  to  suffer  spontaneous 
changes ;  or,  when  left  to  themselves,  there  is  no  cause  to 
disturb  the  uniformity  of  their  mutual  attraction.  The  rela- 
tive force  of  attraction  by  which  their  principles  are  united, 
can  also  be  in  some  measure  estimated,  and  the  circum- 
stances by  which  that  attraction  is  modified  determined  : 
lience,  by  presenting  these  principles  to  each  other  under 
these  circumstances,  we  can  effect  their  combination,  or 
form  compounds  possessed  of  precisely  the  same  properties. 
We  can  analyse  these  compounds  with  equal  facility,  or,  by 
a  simple  decomposition,  separate  their  principles,  so  as  to 
obtain  them  isolated.  We  can  therefore  ascertain  with  ac- 
curacy their  composition,  both  as  to  the  nature  and  propor- 
tions of  their  constituent  parts,  and  as  to  the  modes  in  which 
these  are  combined.  But  the  chemical  characters  of  the  ve- 
getable and  animal  products  are  altogether  different.  As 
they  always  consist  of  three  or  more  principles,  which 
have  strong  mutual  attractions,  the  balance  of  these  at- 
tractions, whence  any  particular  compound  exists,  is  easily 
subverted  ;  the  principles  have  a  perpetual  tendency  to  re- 
act on  each  other,  and  enter  into  new  combinations, — a  ten- 
dency rendered  efficient  by  the  slightest  alteration  of  cir- 
cumstances.   Hence  arises  the  facility  of  decomposition 
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which  is  characteristic  of  these  bodies :  they  are  liable  to 
spontaneous  changes,  fermentation  and  putrefaction  :  they 
are  readily  acted  on  by  other  agents,  as  by  water  or  atmo- 
spheric air ;  and  they  are  totally  changed  by  an  increase 
of  temperature.  As  their  principles,  too,  have  mutual  affi- 
nities of  nearly  the  same  force,  they  never  escape  from  a 
combination  pure  and  uncombined,  but  unite  with  each  o- 
ther,  forming  a  complicated  analysis  5  and  as  their  composi- 
tion, with  regard  to  the  ultimate  principles,  is  much  alike, 
tlie  products  of  this  analysis,  in  the  different  individual  sub- 
stances, are  extremely  similar.  And,  lastly,  as  we  are  inca- 
pable of  balancing  the  attractions  of  the  several  principles  of 
which  they  are  formed,  or  of  placing  these  principles  under 
the  circumstances  under  which  they  were  brought  into  union 
in  the  vessels  of  the  animal  or  plaijt,  we  can  seldom,  by  ar- 
tificial arrangements,  form  compounds  of  a  similar  nature. 

Such  are  the  chemical  properties  which  distinguish  the 
products  of  organization, — their  susceptibility  of  decom- 
position, the  complicated  nature  of  their  analysis  and  the 
similarity  of  its  products,  and  the  impracticability  of  their 
artificial  formation  by  the  union  of  their  principles. 

There  are  some  subordinate  distinctions  between  the  ve- 
getable and  the  animal  substances.  As  the  constituent  prin- 
ciples of  animal  matter  are  more  numerous,  their  affinities 
are  more  nicely  adjusted,  and  more  liable  to  be  altered  by 
the  slightest  alteration  of  circumstances.  Hence  the  animal 
•  products  are,  in  general,  more  susceptible  of  decomposition. 
This,  also,  is  of  a  nature  somewhat  different,  with  regard 
to  the  products,  from  that  of  vegetable  matter  ;  and,  in  par- 
ticular, they  are  distinguished,  by  being  liable  to  that  spe- 
cies x)f  spontaneous  decomposition  which  constitutes putrcj^ 
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faction  :  the  others  decay,  but  their  decomposition  is  not 
marked  by  the  evolution  of  those  products  which  distin- 
guish that  of  animal  matter,  and  which  characterize  this 
process.  Their  analysis  by  heat,  too,  affords  different  pro- 
ducts. These  differences  arise  principally  from  certaiii 
substances  entering  into  the  composition  of  animal  sub- 
stances, which  are  either  not  contained  in  vegetables,  or, 
if  present,  are  always  in  inconsiderable  proportion. 

Though  the  compounds  which  belong  to  the  vegetable 
and  animal  kingdoms  can  seldom  be  formed  by  artificial 
arrangements,  it  is  not  to  be  concluded,  as  has  been  done, 
that  this  arises  from  peculiar  unknown  forces,  from  the 
exertion  of  which  their  natural  formation  has  been  accom- 
plished. They  are  chemical  compounds,  the  result  of 
chemical  affinities,  which  have  been  exerted  merely  under 
peculiar  circumstances.  We  can  even  by  artificial  pro- 
cesses form  compounds  perfectly  similar  to  some  products 
of  vegetation  ;  and,  although  the  actions  by  which  the 
greater  number  of  these  products  are  formed  can  be  only 
imperfectly  imitated  in  our  processes,  we  can  still  so  far 
trace  them,  as  to  discover  their  theory,  and  the  nature  of 
the  modifications  to  which  they  are  sjubected.  Hence  the 
natural  formation  of  these  substances  is  strictly  a  subject 
of  chemical  investigation  j  and  vegetable  and  animal  phy- 
siology, so  far  as  it  is  connected  with  this,  is  a  department 
of  chemical  science, — one  which  is  at  present  the  most 
defective  and  obscure,  but  in  which  the  progress  is  per- 
haps the  least  limited,  which  may  reach  the  higliest  per- 
fection, and  present  the  most  important  results. 
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BOOK  VIII. 
OF  VEGETABLE  COMPOUNDS. 

X'hE  Vegetable  Compounds  being  less  complicated  in 
their  composition  than  those  which  are  formed  in  the  A- 
nimal  System,  and  a{Fording  likewise,  in  general,  the  ma- 
terials from  which  the  latter  are  produced,  are  first  to  be 
considered. 

Their  chemical  history  may  be  comprised  under  three 
divisions.  Under  the  first,  may  be  stated  the  facts  con- 
nected with  their  natural  formation,  or  the  principles  of 
vegetable  physiology,  so  far  as  this  is  dependent  on  che- 
mistry. Under  the  second,  may  be  considered  in  detail 
the  chemical  properties  and  relations  of  the  several  vege- 
table products.  And  to  the  third,  will  belong  the  consi- 
deration of  their  general  analysis,  and  the  chemical  changes 
they  sufi^er,  either  spontaneously,  or  when  placed  under 
.peculiar  circumstances. 
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CHAP.  L 

OF  THE  FORMATION  OF  VEGETABLE  SUBSTAN- 
CES, Oil  THE  CHEMICAL  PHYSIOLOGY  OF  VE- 
GETABLES. 

Tn  entering  oiv  this  interesting  subject,  it  is  necessary  to 
give  a  concise  view  of  the  structure  and  functions  of 
plants,  at  least  in  so  far  as  these  are  related  to  the  chemi- 
cal processes  carried  on  in  the  vegetable  system,  by  which 
the  numerous  products  of  vegetation  are  formed. 

The  structure  of  plants  is,  in  many  respects,  analogous 
to  that  of  animals.  Compared,  indeed,  with  that  of  the 
higher  orders  of  these,  it  is  much  more  simple  :  no  organs 
are  found  corresponding  to  the  brain  and  nerves,  the  heart, 
the  digestive  system,  or  the  muscles;  but  even  in  the  low- 
er tribes  of  animals,  all  these  organs  are  not  uniformly 
present ;  and  in  the  general  frame  of  vegetables,  we  disco- 
ver that  arrangement  which  is  in  strict  propriety  named  or- 
ganized. There  afe  solid  parts  through  which  vessels  con- 
veying fluids  are  distributed,  and  organs  in  which  functions 
similar  to  those,  of  animals  are  performed. 

The  organized  structure  of  vegetables  is,  of  course,  best 
discovered  in  the  larger  and  more  perfect  plants.  These 
consist  of  a  stem  or  trunk,  which,  at  its  insertion  into  the 
earth,  divides  generally  Into  a  greater  or  smaller  number 
of  branches,  which  form  the  root,  and  at  its  upper  extre- 
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mlty  tefminates  likewise  in  a  number  of  branches,  to  which 
the  leaves  and  parts  of  fructification  are  attached. 

On  making  a  transverse  section  of  any  of  these  solid 
parts,  a  difference  of  structure  is  observed.  In  the  centre, 
we  find  a  soft  substance  which  is  named  the  Pith  ex- 
ternal to  this  is  the  Wood,  more  hard  and  compact  j  and 
over  the  whole  is  an  oueer  rough  covering,  the  Bark, 

The  Bark  has  been  considered  as  composed  of  three 
parts, — the  epidermis,  or  external  rough  covering,  consist- 
ing of  numerous  layers  j  the  cellular  tissue  beneath,  com- 
posed of  fibres  interlaced  so  as  to  leave  interstices,  which 
appear  to  be  filled  with  a  softer  matter  of  a  green  colour  ; 
and  the  cortical  layers  next  to  the  wood,  and  approaching 
to  it  in  structure.  Through  these  parts  run  minute  vessels, 
which  appear  to  perform  the  functions  of  absorption  and 
transpiration,  and  perhaps  of  assimilation  and  secretion. 
The  Wood  is  denser  than  the  bark.    It  is  fibrous  in  its 
texture,  and  it  is  composed  of  layers  or  zones.  During  the 
growth  of  the  plant,  a  new  zone  is  formed  annually;  and 
as,  in  different  seasons,  the  vegetation  is  more  or  less  vi- 
gorous, these  zones  vary  in  density  and  size.  Through 
these  are  distributed  a  number  of  vessels,  both  straight  and 
spiral,  running  in  a  perpendicular  direction,  and  others 
which  run  horizontally  from  the  bark.    The  part  of  the 
wood  next  to  the  bark  is  softer  than  the  central  part,  and 
has  been  distinguished  by  the  name  of  Alburnum;  and 
there  is  a  kind  of  gradation  from  the  wood  through  this 
to  the  internal  bark.  The  Pith,  or  Medulla,  placed  in  the 
centre,  is  similar  in  texture  to  the  wood,  only  softer,  and 
more  cellular.   It  is  always  most  abundant  and  most  suc- 
culent in  young  plants,  and  is  diminished  and  nearly  obli- 
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tcrated  by  age.  It  appears  to  be  of  little  importance  in 
contributing  to  the  growth  of  the  vegetable.  Mr  Knight 
made  a  section  through  the  bark  and  wood  into  the  shoot 
of  a  vine,  so  as  to  extract  as  much  as  possible  of  the  me- 
dulla ;  but  it  continued  to  grow  as  well  as  other  shoots,  the 
medulla  of  which  had  remained  uninjured  *.  He  conjec- 
tures, that  its  office  is  principally  to  form  a  reservoir  of 
moisture  to  the  plant. 

In  herbaceous  plants,  these  different  parts  are  not  dis- 
tinct i  the  wood  is  wanting,  and  the  stem  is  composed  of 
a  kind  of  cellular  membrane,  covered  with  an  epidermis 
more  or  less  thin,  and  inclosing  the  Pith. 

Attached  to  the  stem  or  branches  of  plants,  are  the 
Leaves.    Their  structure  seems  similar  to  that  of  the  cel- 
lular tissue  of  the  bark,  or  is  fibrous  and  interlaced,  co- 
vered on  each  surface  with  a  very  fine  membrane,  and 
having  numerous  vessels  distributed  through  the  substance 
of  the  leaf,  and  inosculating  freely  with  each  other.  Nu- 
merous small  points,  connected  with  these,  are  scattered 
over  the  surface  ;  which  have  been  regarded  by  Hedwig  as 
apertures  by  which  absorption  and  transpiration  are  per- 
formed ;  by  Saussure,  as  glands  which  secrete  or  prepare 
the  proper  juices  of  the  plant.  The  superior  surface  of  the 
leaf  differs,  in  general,  perceptibly  from  the  inferior  surface. 
The  former  is  more  smooth  and  shining  j  the  latter  has 
more  asperities  •,  its  colour  is  paler,  and  with  less  lustre  •, 
the  last  difl'ercnces  probably  arising  from  a  less  free  ex- 
posure to  light.    These  surfaces  perform  different  func- 
tions.   By  the  under  surface,  or  that  next  the  earth,  ab- 
 1.,  


*  Philosophical  Transactions,  1801,  p.  338. 
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sorption  principally  is  performed,  as  Bonnet  established 
by  numerous  experiments  *  ;  water,  or  watery  vapour,  be- 
ing taken  in,  when  in  contact  w^ith  it,  so  as  to  prevent  the 
leaf  from  decaying  immediately,  even  when  detached  from 
the  plant ;  and  watery  vapour  from  the  atmosphere,  or 
dew,  being  probably  absorbed  in  the  natural  situation.  By 
the  same  surface,  transpiration  appears  also  to  be  perform- 
ed, as  the  experiments  of  the  same  author  have  proved. 
This  has  been  confirmed  by  Mr  Knight.    He  applied  a 
plate  of  glass  to  the  under  surface  of  a  large  vine  leaf,  in 
connection  with  the  plant ;  and  at  the  end  of  half  an  hour, 
so  much  water  had  exhaled,  that  it  ran  off  the  glass  when 
held  obliquely  :  but  on  placing  it  in  contact  with  the  up- 
per surface  of  the  leaf,  not  the  slightest  portion  of  moisture 
appeared  f .    This  surface  appears  principally  destined  to 
expose  the  fluid  circulating  through  the  leaf  to  the  chemical 
agency  of  light,  and  probably  to  emit  the  aerial  matter 
arising  from  the  decomposition  of  the  circulating  sap.  In- 
genhouz  has  accordingly  stated  experiments,  in  which  he 
found,  that  the  leaves  furnish  an  air  containing  more  oxy- 
gen, when  their  upperj  than  when  their  under  surface  is 
exposed  to  the  direct  action  of  light  J.  So  well  adapted  arc 
these  surfaces  to  the  performance  of  their  respective  func- 
tions, that  when  their  position  is  reversed,  the  plant  makes 
every  effort  to  regain  that  which  is  natural  to  them,  or  rather 
which  is  best  adapted  to  the  functions  they  have  to  perform, 
as  Bonnet  has  abundantly  shown.  The  leaves  of  some  plants 
even  follow,  ii)  some  measure,  the  course  of  the  sun,  pre- 
senting always  their  upper  surface  to  the  direct  rays  of  light. 

*  Recherches  sur  I'Usage  des  Feuilles. 

■f  Pliilosophical  Transactions,  1803,  p.  278. 

J  Experiences  aur  les  Vegetaux,  tom.  ii.  p.  193. 
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The  leaves  are  the  proper  respiratory  organs  of  plants. 
It  is  sufficiently  demonstrated  by  experiment,  that,  by  their 
medium,  plants  change  the  state  of  the  surrounding  atmos- 
phere, or  perform  respiration  ;  and  that  reciprocal  changes 
are  effected  in  the  fluids  which  circulate  through  the  ves- 
sels of  the  leaf ;  that  these  fluids  are  thus  prepared  for  the 
formation  of  vegetable  matter,  and  are  returned  by  a  pecu- 
liar set  of  vessels  to  the  body  of  the  plant.  The  importance 
of  the  functions  the  leaves  perform,  is  sufficiently  demon- 
strated by  the  fact,  that  when  they  are  destroyed  the  plant 
soon  decays  and  dies. 

There  is  much  difficulty  in  tracing  accurately  the  ves- 
sels of  plants,  and  particularly  in  observing  their  connec- 
tions and  terminations,  and  the  course  of  the  fluids  they 
convey.  Hence  the  different  opinions  that  have  been  ad- 
vanced with  regard  to  them,  and  the  degree  of  uncertainty 
in  which  the  subject  is  still  Involved.  Naturalists  have 
generally  agreed  in  distinguishing  three  kinds ; — the  com- 
mon vessels,  or  those  which  convey  the  common  juice  or 
sap;  the  spiral  vessels,  which  principally  accompany  these  ; 
and  the  proper  vessels,  or  those  which  convey  the  peculiar 
juices  of  the  plant  after  they  are  formed.  It  is  an  interest- 
ing object  of  inquiry,  to  discover  the  course  of  these  dif- 
ferent kinds  of  vessels,  their  relations  and  connections,  and 
the  offices  they  perform. 

The  first  of  these,  the  common  vessels,  occur  chiefly 
beneath  the  cellular  tissue  of  the  root,  stem,  and  branches, 
or  in  the  alburnum,  and  rise  longitudinally  from  the  root  to 
the  leaves  and  flowers  :  they  are  frequently  of  considerable 
size,  and  are  easily  discovered  by  immersing  the  root  of  a 
growing  plant  in  a  coloured  vegetable  infusion  :  it  is  soon 
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observed  to  ascend  in  them,  and  may  be  traced  to  the  leaf, 
and  even  into  the  vessels  which  enter  the  leaf  at  the  foot- 
stalk, and  are  distributed  through  it.  They  appear  to  ab- 
sorb fluids  from  the  soil ;  and  there  exist  similar  absorbent 
vessels  which  run  from  the  epidermis  in  an  oblique  or  ho- 
rizontal direction. 

The  proper  vessels  are  situated  principally  in  the  cellu- 
lar tissue  and  internal  bark  :  they  appear  always  to  descend 
from  the  upper  parts  of  the  vegetable  towards  the  root, 
and  to  convey  a  fluid  downward.  This  is  proved  by  the 
facts,  that  a  coloured  liquid  does  not  ascend  in  them,  as 
in  the  common  vessels,  when  the  root  of  a  growing  plant 
is  immersed  in  it,  and  that,  when  the  stem  or  a  large  branch 
of  a  plant  is  cut  across,  the  proper  juice  always  Issues  from 
the  upper  margin  ef  the  incision,  and  the  production  of 
new  matter  to  fill  up  the  incision  takes  place  principally 
from  this  margin.  As  the  common  vessels  can  thus  be 
traced  upwards  from  the  root  to  the  leaves,  and  the  proper 
vessels  descend  in  the  opposite  direction,  it  seems  necessa- 
rily to  follow,  that  the  connection  between  them,  or  the  re- 
lation of  the  one  to  the  other,  is  established  in  the  leaf  j 
and  accordingly  this  has  of  late  been  investigated  with  con- 
siderable success. 

In  the  leaf  of  every  plant,  we  perceive  an  abundant  dis- 
tribution of  vessels.  A  large  vessel  or  bundle  of  vessels 
enters  from  the  stalk,  which  runs  through  the  centre  of  the 
leaf  to  its  apex,  extending  to  very  minute  ramifications, 
which  appear  to  communicate  freely  with  each  other. 

Dr  Darwin  conjectured,  that  this  central  vessel,  or  bun- 
dle of  vessels,  is  formed  by  the  union  of  smaller  sap  vessels. 
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and  that  it  performs  the  office  of  a  pulmonary  artery, 
distributing  the  sap  it  conveys  over  the  extensive  surface  of 
the  leaf,  and  exposing  it  to  the  action  of  the  air  and  light, 
from  which  it  may  suffer  those  chemical  changes  necessary 
to  its  further  assimilation.  From  the  extremities  of  the 
minute  ramifications  of  this  vessel,  this  fluid,  thus  changed 
in  its  composition,  returns,  he  supposed,  by  other  vessels 
which  pass  along  the  under  surface  of  the  leaf,  unite  at  the 
footstalk,  and  form  larger  vessels,  by  which  it  is  conveyed 
to  other  parts  of  the  plant.  And  he  states  the  following 
experiment,  from  which  this  appears  to  be  proved  : 

"  A  stalk  with  leaves  and  seed-vessels  of  large  spurge 
(Euphorbia  helioscopia)  had  been  several  days  placed  in  a 
decoction  of  madder,  so  that  the  lower  part  of  the  stem, 
and  two  of  the  undermost  leaves  were  immersed  in  it. 
After  having  washed  the  immersed  leaves  in  clear  water, 
I  could  readily  discern  the  colour  of  the  madder  passing 
along  the  middle  rib  of  each  leaf.  This  red  artery  waS 
beautifully  visible  both  on  the  under  and  upper  surface  of 
the  leaf  •,  but  on  the  upper  side  many  red  branches  were 
seen  going  from  it  to  the  extremities  of  the  leaf,  which 
on  the  other  side  were  not  visible,  except  by  looking 
through  it  against  the  light.  On  this  under  side  a  system 
of  branching  vessels,  carrying  a  pale  milky  fluid,  were 
seen  coming  from  the  extremities  of  the  leaf,  and  cover- 
ing the  whole  underside  of  it,  and  joining  into  two  large 
veins,  one  on  each  side  of  the  red  artery,  in  the  middle 
rib  of  the  leaf,  and  along  with  it  descending  to  the  foot- 
stalk or  petiole.  On  slitting  one  of  these  leaves  with 
scissars,  and  having  a  common  magnifying  lens  ready,  the 
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jiillky  blood  was  seen  oozing  out  of  the  returning  veins 
on  each  side  of  the  red  artery  in  the  middle  rib,  but  none 
of  the  red  fluid  from  the  artery. 

"  All  these  appearances  were  -more  easily  seen  in  a  leaf 
of  Picris,  treated  in  the  same  manner  j  fpr  in  this  milky 
plant  the  stems  and  middle  rib  of  the  leaves  are  some- 
times naturally  coloured  reddish,  and  hence  the  colour  of 
the  madder  seemed  to  pass  further  into  the  ramifications 
of  their  leaf-arteries,  and  was  there  beautifully  visible  with 
the  returning  branches  of  milky  veins  on  each  side. 

"  From  these  experiments  the  upper  surface  of  the  leaf 
appeared  to  be  the  immediate  organ  of  respiration,  be- 
cause the  coloured  fluid  was  carried  to  the  extremities  of 
the  leaf  by  vessels  most  conspicuous  on  the  upper  surface, 
and  there  changed  into  a  milky  fluid,  which  is  the  blood 
of  the  plant,  and  then  returned  by  concomitant  veins  on 
the  under  surface,  which  were  seen  to  ooze  when  divided 
with  scissars,  and  which,  in  Picris  particularly,  render  the 
under  surface  of  the  leaves  greatly  whiter  than  the  upper 
one."  This  fluid,  thus  prepared,  Dr  Darwin  adds,  is  ex- 
pended in  the  various  secretions,  and  in  the  growth  and 
nourishmont  of  the  plant  *. 

This  has  been  further  investigated  by  Mr  Knight,  in  his 
late  researches  on  the  structure  and  functions  of  vegetables. 
He  found,  that  when  he  made  a  circular  incision  round 
the  stem  of  a  plant,  removing  completely  the  bark  at  the 
incision,  so  as  to  cut  ofi^  the  connection  of  the  stem  by  the 
medium  of  the  bark  with  the  leaves,  it  did  not  grow  nor 
shoot  out  branches  below  the  incision,  but  grew  as  vigor- 


*  Botanic  Garden,  Notes,  vol.  i.  p.  450,  4'53. 
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ously  as  usual  above  the  incision.  Hence  he  was  led  to 
conclude,  that  the  sap  rising  from  the  root  through  the 
wood,  is  prepared  in  the  leaves  for  assimilation,  and  re- 
turns by  vessels  descending  through  the  bnrk,  to  be  sub- 
servient to  the  nutrition  of  the  plant.  In  conformity  to 
this  he  found,  that  if  the  stem  below  the  inrision  produced 
a  new  shoot,  as  sometinrres  happened,  then  the  parts  be- 
neath connected  with  this  shoot  began  to  grow.  Or  if  he 
made  incisions  in  different  parts  around  the  stem,  allow- 
ing a  leaf  to  remain  in  connection  with  each  part  between 
two  of  the  incisions,  the  insulated  lear  acted  like  the  shoot, 
and  the  part  between  it  and  the  incision  beneath  grew ; 
while,  if  similar  incisions  were  made  without  any  leaf  be- 
ing allowed  to  remain,  no  growth  nor  increase  in  the  size 
of  the  wood  was  discoverable.  On  the  other  hand,  by 
making  a  complete  circular  incision  in  the  bark,  and  by  a 
perforation  extracting  the  pith  in  the  centre  of  a  branch, 
thus  leaving  a  communication  between  the  leaves  and 
roots  by  the  wood,  the  leaves  still  continued  to  flourish, 
— a  proof,  that  the  vessels  conveying  sap  to  the  leaves, 
ascend  through  the  wood  *. 

/   

*  Philosophical  Transactions,  1801,  p.  334-,  338.  From 
gome  experiments  made  by  Du  Hamel  and  Hales,  it  appvars, 
that  even  when  circular  incisions  are  made  round  the  stem  of 
a  tree,  through  the  bark,  at  a  small  distance  from  each  other, 
and  the  bark  between  them  is  entirely  taken  away,  the  portion 
of  the  stem  below  the  incision  continued  to  live,  and  even  to 
grow,  though  more  slowly.  From  this  Mr  Knight  has  since 
inferred,  ( I'hilosophical  Transactions,  1806,)  that  tlie  sap  ves- 
sels in  the  alburnum  are  susceptible  of  an  inverted  motion, 
which  is  exerted  when  necessary,  and  from  which  the  juice 
prepared  in  the  leaves  may  be  conveyed  to  the.  parts  beneath. 
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Having  formed  this  view,  he  endeavoured  to  trace  the 
course  of  the  sap  into- the  leaf,  and  it&  return  to  the  other 
parts  of  the  plant.  The  sap  vessels  are  easily  traced  from 
the  roots  through  the  alburnum,  to  the  young  stalks  or 
shoots ;  the  object  therefore  was,  to  trace  them  farther. 
Having  made  circular  incisions  as  above,  in  the  bark  of 
some  annual  shoots  of  the  apple  and  of  the  horse  chesnut, 
he  placed  the  stalk  of  the  shoot  beneath  these  incisions, 
in  a  deeply  tinged  vegetable' infusion,  for  a  few  hours  :  he 
found  that  the  coloured  liquid  passed  up  the  pores  of  the 
wood  beyond  the  incisions,  and  into  the  insulated  leaves  ; 
but  it  neither  coloured  the  bark  nor  the  sap  between  it 
and  the  wood  j  proving,  that  the  fluid  rises  from  the  com- 
mencement of  the  branch,  through  the  wood,  towards  the 
leaves  ;  while  it  appears  to  return  by  vessels  situated  in 
the  inner  bark,  which  have  no  immediate  communication 
with  the  vessels  of  the  wood. 

Mr  Knight,  on  examining  the  leaves  in  the  shoots  sub- 
jected to  this  experiment,  found  in  the  apple,  that  the 
leaf  is  attached  to  the  wood  by  three  strong  fibres  or 
tubes,  or  rather  bundles  of  tubes  ;  one  entering  the  mid- 
dle of  the  leaf,  the  others  being  on  each  side  of  it.  In  the 
horse  chesnut,  there  are  seven  or  eight  bundles  of  a  simi- 
lar kind  of  tubes  in  each  leaf.  Through  these  the  infusion 
had  passed,  and  communicated  its  colour  through  almost 
the  whole  of  each  leaf-stalk.  These  tubes  Mr  Knight  con- 
sideis  as  being  different  from  the  common  or  sap  vessels 
in  the  alburnum :  they  commence  a  few  inches  below 
the  leaf  to  which  they  belong,  and  become  more  nume- 
rous as  they  approach  to  it.    To  distinguish  them,  Mr 
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Knight  has  given  them  the  name  of  Central  vessels  :  they 
extend  to  the  extremities  of  the  leaf,  where  they  appear 
to  terminate,  and  are  every  where  surrounded  with  the 
spiral  vessels,  which  appear  to  be  appendages  to  them. 

Lying  parallel  with  these  vessels  and  surrounding 
them,  are  another  set  of  vessels  which  were  colourless, 
and  appeared  to  be  conveying  a  different  fluid.  They 
seem  to  return  the  sap  to  the  tree  ;  for  when  a  leaf  was 
cut  off  which  had  imbibed  a  coloured  infusion,  the  native 
juices  of  the  plant  flowed  from  these  vessels  apparently 
unaltered,  as  Dr  Darwin  had  formerly  observed.  They 
descend  through  the  inner  bark,  and  appear  to  extend 
from  the  extremities  of  the  leaves  to  the  roots. 

In  conformity  to  these  facts,  Mr  Knight  gives  the  fol- 
lowing view  of  the  circulation  of  the  fluids  in  plants,  or 
of  the  progress  of  ^the  common  sap,  and  its  return  to  the 
different  parts,  to  supply  matter  for  nutrition  and  the  for- 
mation of  new  products,  the  same  indeed  as  had  been  be- 
fore given  by  Darwin. 

The  sap"  is  absorbed  by  the  common  vessels  originating 
from  the  extremities  of  the  roots  of  the  vegetable,  and, 
rises  through  the  alburnum  of  the  root,  stem,  and  bran- 
ches, propelled  by  the  contractile  power  of  the  fibres  which 
diverge  from  the  pith  to  the  bark,  and  press  on  these 
vessels  *;  in  the  branches  it  passes  into  what  are  named  the 


*  Mr  Knight,  finding  that  the  sap  passes  up  when  all  the 
tubes  in  the  alburnunn  are  intersected,  has  more  lately  conc'uded, 
(Philosophical  Transactions,  1808),  that  it  rises  through  the 
cellular  substance  of  the  alburnum,  from  the  alternate  contrac- 
tion and  expansion  of  this  substance. 
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central  vessels,  and  through  them  into  the  leaf-stalk,  and 
ultimately  into  the  leaf.  There  it  is  exposed,  in  the  de- 
licate ramifications  of  these  vessels,  to  the  action  of  the 
air  and  light,  and  is  converted,  in  part  at  least,  into  the 
proper  juice  of  the  plant :  this  is  conveyed  by  the  proper 
vessels  which  have  their  origin  in  the  leaf,  which  unite 
and  descend  through  the  internal  bark.  In  its  progress 
through  these  vessels,  it  probably  undergoes  further  chan- 
ges, and  is  ultimately  converted  into  the  solid  matter  of 
the  plant,  and  into  the  products  which  it  affords  *. 

The  use  of  the  spiral  vessels,  either  in  this  circulation 
or  in  any  of  the  functions  of  the  vegetable,  does  not  ap- 
pear very  obvious.  They  are  found  around  the  pith,  in 
the  stender  branches,  the  leaf-stalk,  and  the  petals  of  the 
flowers.  They  are  always  empty,  and  hence  some  have 
supposed  them  to  convey  air  :  others  have  supposed  them 
to  be  absorbent  vessels,  and  have  accounted  for  their  being 
generally  found  empty,  from  their  contractile  power,  in 
consequence  of  which  they  immediately  discharge  the  fluid 
they  contain  when  cut.  As  they  are  found  principally 
connected  with  the  central  vessels  in  the  young  shoots, 
and  as  in  any  other  part  of  the  plant  they  appear  hardened 
and  nearly  obliterated,  Mr  Knight  considers  them  as  ap- 
pendages to  these  central  vessels,  and,  by  some  mechanism, 
facilitating  the  propulsion  of  the  sap  into  the  leaf,  and 
its  distribution  over  it ;  the  action  of  the  fibres  of  the  al- 
burnum, by  which  the  sap  had  been  propelled  through  the 


*  Philosophical  Transactions,  1801,  p.  351.  ;  1803,  p. 
286. ;  1805,  p.  100. 

Vox..  IV.  B_  , 
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Stem,  ceasing,  as  he  supposes,  where  that  of  the  spiral  ves- 
sels commences. 

In  this  general  structure  of  vegetables,  there  exists  a 
striking  analogy  to  the  frame  of  animals ;  and  from  this 
analogy,  as  well  as  from  the  functions  they  perform,  it 
has  justly  been  inferred,  that  they  are  endowed  with  si- 
milar vital  powers.  At  one  period  indeed,  it  was  attempt- 
ed to  account  for  the  motions  of  vegetables  from  their 
peculiar  mechanism,  independent  of  any  living  force.  The 
ascent  of  the  sap  was  ascribed  to  capillary  attraction  in  the 
sap  vessels ;  and  the  movements  of  different  parts  of  the  ve- 
getable were  supposed  to  depend  onjthe  elasticity  of  their 
fibres.  But  such  causes  are  altogether  inadequate.  Capil- 
lary attraction  is  insufficient  to  account  for  the  motion  of 
the  sap  ;  the  velocity  with'  which  it  ascends  ;  the  great 
height  to  which  it  reaches;  for  its  variable  motion;  or  for 
its  propulsion  and  discharge  when  the  vessels  are  cut..  Still 
less  can  it  be  assigned  as  the  cause  of  the  retrograde 
course  and  descent  of  the  fluid  in  the  proper  vessels.  Nor 
can  any  supposed  elasticity  of  the  fibres  of  plants  account 
for  the  spontaneous  movements  of  their  leaves  and  flowers, 
or  of  those  motions  which  they  perform  when  excited  by 
external  impressions.  The  similarity  of  these  actions  and 
motions  in  the  vegetable  system,  to  those  performed  in 
the  animal  system,  for  the  attainment  of  similar  ends,  suf- 
ficiently warrants  the  conclusion,  that  they  originate  in  a 
similar  cause,  or  arise  from  that  peculiar  property,  irri- 
tability, or  the  susceptibility  of  contraction  from  the  ap- 
plication of  external  agents,  which  characterizes  living  ani- 
mal matter. 

From  the  structure  of  vegetables,  and  in  particular  the 
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greater  rigidity  of  tlieir  parts,  the  immediate  operation  of 
this  principle  is  not  indeed  so  unequivocally  perceived. 
But  the  functions  of  the  vegetable  kingdom  ; — the  ab- 
sorption of  external  matter ;  the  propulsion  of  the  sap  ; 
the  secretions  whence  new  products  are  formed  •,  the  mfl^ 
tions  of  their  leaves  ;  their  susceptibility  to  the  impression 
of  external  agents,  light,  heat,  moisture,  and  electricity  ; 
their  growth  ;  and  the  formation  and  evolution  of  the  em- 
bryo plant  with  similar  powers,  are  phenomena  inexpli- 
cable on  any  principles  of  mechanism,  and  so  strikingly 
analogous  to  the  phenomena  which  occur  in  the  animal  sys- 
tem, that  they  must  be  referred  to  a  similar  principle. 

The  vital  power  of  vegetables,  observes,  even  in  its  re- 
lations to  external  agents,  nearly  the  same  laws  as  animal 
irritability.  The  functions  dependent  on  it,  require  to  be 
excited  by  the  application  of  external  agents :  hence  the 
necessity  of  the  due  application  of  heat,  light,  air,  and 
moisture  :  if  these  are  withdrawn,  the  functions  languish, 
and  the  irritability  of  the  plant  accumulates ;  if  they  are 
applied  in  excess,  this  power  is  impaired  ;  and,  lastly,  if 
by  a  previous  abstraction  of  the  usual  stimuli,  the  irrita- 
bility has  been  accumulated,  more  vigorous  action  will  en- 
sue on  their  re-application,  or,  if  too  suddenly  and  forcibly 
applied,  a  total  exhaustion  of  power  will  take  place.  The 
effects  of  soil,  of  moisture,  of  heat,  light,  and  electricity 
on  plants  ;  their  sleep,  germination,  efflorescence,  fructifi- 
cation and  decay,  afford  many  beautiful  illustrations  of  the 
operation  of  this  principle,  in  conformity  to  these  laws. 

It  is  true,  that  some  differences  are  to  be  observed  in  the 
vitality  of  the  two  systems.  They  are  differently  acted 
©n  by  some  agents,  and  there  does  not  exist  in  the  vege- 
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table  system,  at  least  to  so  great  a  degree  as  in  the  atiimai 
system,  that  general  relation,  by  which,  when  one  part  is 
peculiarly  afFected,  distant  parts  participate  in  the  affection. 
But  differences  of  this  kind  are  comparatively  trivial :  they 
^se  from  a  more  simple  structure,  and  they  are  not  great- 
er than  what  are  even  to  be  observed  in  the  different  orders 
of  animals. 

The  preceding  observations  on  the  structure  and  mov- 
ing powers  of  vegetables,  and  on  the  circulation  of  their 
fluids,  prepare  us  for  the  consideration  of  the  functions  on 
which  their  growth  is  dependent,  and  by  which,  from  nevr 
combinations,  then*  various  products  are  formed. 

Absorption  takes  place  in  vegetables  to  a  very  consider- 
able extent.    A  large  quantity  of  water,  with  portions  of 
other  matter,  is  taken  up  by  their  roots  from  the  soil,  and 
is  indispensable  to  their  growth.    This  absorption  is  not 
indiscriminate,  otherwise  plants  should  contain  all  the  prin- 
ciples of  the  soil  in  which  they  grow.    Neither  is  it  pure 
water  only  tbat  is  absorbed,  but  water  holding  in  solution 
or  in  suspension  such  substances  as  may  contribute  to  the 
nourishment  of  the  plant.    The  absorption  of  this  fluid,  is 
the  source  of  the  sap  or  common  juice,  which  rises  through 
the  vessels  in  the  alburnum,  is  gradually  changed  in  its 
progress  through  the  plant,  and  which  is  found  in  differ- 
ent states  at  different  periods.    In  winter  it  is  in  small 
quantity  ;  in  spring  and  summer  it  is  more  abundant ;  in 
autumn  it  becomes  thicker  and  less  copious  — changes 
which  may  arise  partly  from  tlie  action  of  the  sap  vessels, 
partly  from  intermixture  of  the  proper  juices,  or  from  the 
solution  of  part  of  the  solid  matter  through  which  it  is 
conveyed.    Dr  Darwin  observed,  that  the  qualities  of  the 
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sap,  in  certain  periods  of  vegetation,  appear  in  particular 
to  arise  from  the  matter  which  it  dissolves  in  its  ascent. 
He  supposed,  that  when  vegetation  is  vigorous,  as  it  is  in 
the  course  of  the  summer  and  commencement  of  autumn^ 
a  quantity  of  nutritious  matter  is  formed  principally  by 
the  leaves,  and  is  deposited  as  a  reservoir  of  nutriment  in 
the  alburnum  ;  that  on  the  revival  of  vegetation  in  the 
spring,  this  is  dissolved  by  the  fluid  which  is  then  absorb- 
ed from  the  soil,  communicates  to  it  peculiar  qualities, 
and  serves  for  the  formation  of  new  buds  and  leaves.  In 
herbaceous  plants,  this  deposition,  he  observes,  takes  place 
in  their  roots  during  the  autumn  for  the  same  purpose  ; 
and  in  some  plants  it  is  formed  in  the  joints  of  the  stem. 
Hence,  as  he  remarks,  the  leaves  of  the  lower  branches  of 
trees  are  usually  first  expanded  *. 

Mr  Knight  has  stated  precisely  the  same  view, — that 
part  of  the  proper  juice  generated  in  the  plant  when  ve- 
getation is  most  vigorous,  that  is,  in  the  course  of  the  sum- 
rher  and  the  commencement  of  autumn,  is  deposited  in 
the  solid  matter  of  the  alburnum,  and  remains  in  it  through 
the  winter.  In  the  spring,  when  the  powers  of  vegeta- 
tion are  renewed,  this  deposite  is  supposed  to  be  dissolved 
by  the  ascending  sap,  and  thus  matter  is  furnished  already 
assimilated  to  the  vegetable,  and  adapted  to  the  formation 
of  the  new  buds  and  shoots.  In  conformity  to  this  opinion, 
and  what  may  be  regarded  in  some  measure  as  proofs  of 
it,  Mr  Knight  found,  that  the  sap  in  spring  has  a  greater 
specific  gravity,  and  possesses  qualities  which  indicate  a 
quantity  of  some  peculiar  matter  to  be  dissolved  in  It,  in  a 


*  Pi)ytologia,  p.  28.  32.  1J8.  163, 
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higher  degree,  as  it  is  taken  at  a  greater  height  from  the 
root ;  and  that  the  wood  of  the  stem  or  large  branches, 
cut  down  in  winter,  has  a  greater  specific  gravity,  and 
contains  more  extractive  matter  soluble  in  water,  than  the 
wood  of  the  same  species  of  tree  cut  down  about  the 
commencement  of  summer  *. 

It  appears  also,  that  in  other  periods  of  vegetation,  the 
sap  is  mingled  with  some  of  the  proper  juices,  as  it  is 
sometimes  possessed  of  qualities  which  It  could  not  have 
derived  from  the  soil,  or  from  any  of  the  solid  parts  of  the 
plant.  It  is  thus  sometimes  highly  saccharine,  though  the 
wood  itself  is  possessed  of  no  sweetness  ;  at  other  times 
acid.  According  to  Mr  Knight's  observations,  the  sap, 
whether  extracted  from  the  tree  nigh  to  the  ground,  or  at 
a  distance  from  It,  always  contains  a  large  portion  of  air. 

The  sap  of  different  vegetables  has  been  examined  by 
Vauquelin.  The  sap  of  the  common  elm,  (Ulmus  cam- 
pestrls),  he  found  to  contain  a  large  portion  of  vegetable 
matter,  acetate  of  potassa,  carbonate  of  lime,  with  slight 
traces  of  sulphate  and  muriate  of  potassa,  the  vegetable 
matter  being  in  larger  proportion,  as  it  was  taken  from  the 
plant  late  in  the  season.  The  sap  of  the  beech,  (Fagus 
sylvestrls),  besides  vegetable  extractive  matter,  contained 
tannin,  gallic  acid,  and  free  acetic  acid,  without  any  car- 
bonate of  lime,  but  with  a  portion  of  acetate  of  lime. 
The  sap  of  the  birch  with  extractive,  contained  also  sac- 
charine matter,  acetic  acid,  acetate  of  lime,  and  nitrate  of 
potassa.  In  all  these  saps,  part  of  the  proper  juices  had 
no  doubt  been  mixed  with  the  liquid  absorbed  from  the 


*  Philosophical  Transactions,  1805,  p.  70,  101. 
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soil,  or  part  of  the  solid  vegetable  matter  itself  had  been 
dissolved  in  its  progress  through  the  plant  *.  Chaptal 
has  also  examined  the  sap  of  various  vegetables,  obtained 
hy  exudation  from  incisions,  and  probably  in  a  state  of 
mixture  with  the  proper  juices.  In  all  of  them  a  quan- 
tity of  vegetable  extractive  matter  was  contained,  having 
principally  the  characters  of  the  matter  which  constitutes 
the  ligneous  fibre,  which  was  slowly  precipitated  on  stand- 
ing either  with  or  without  the  admission  of  the  air,  and 
which  was  also  precipitated  by  acids,  alkalis,  and  other 
re-agents  -f. 

Not  only  is  absorptioa  performed  by  the  vessels  in  the 
roots  of  plants  ;  it  takes  place  also  at  the  surface  of  the  bark 
and  leaves.  Absorbent  vessels  can  be  discovered  by  the  eye, 
running  from  the  bark  in  a  horizontal  direction,  and  the 
performance  of  absorption  by  them  is  demonstrated,  by 
the  increase  of  weight  which  a  branch  taken  from  a  tree 
gains  by  exposure  to  dew,  or  to  a  humid  atmosphere. 
The  absorbents  from  the  leaves  seem  to  rise  principally 
from  the  inferior  surface  of  the  leaf. 

Perspiration,  or  the  function  by  which  a  fluid  or  vapour 
13  constantly  exhaled,  is  that  which  counterbalances  absorp- 
tion. Numerous  experiments  have  proved  the  existence 
of  this  function  in  vegetables.  By  merely  placing  a  grow- 
ing plant  under  a  glass  receiver,  the  internal  surface  is  soon 
obscured  ;  a  fluid  is  condensed  on  it,  which  appears  to  be 
water,  with  a  slightly  odorous  impregnation.  The  quan- 
tity perspired  differs  under  various  circumstances.  It  is  in- 


*  Annalco  de  Chimie,  torn.  xxxi.  p.  20. 
f  Mcmoires  de  ITnstitut.  National,  torn.  i.  p.  288, 
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creased  by  a  high  temperature,  by  the  stimulus  of  light, 
and  by  a  dry  atmosphere.  In  the  experiments  of  Hales,  a 
sunflower,  three  feet  high,  was  found  to  transmit  by  trans- 
piration, in  twelve  hours  in  the  daytime,  about  twenty  oun- 
ces of  fluid.  This  function  appears  to  be  performed  by 
the  leaves,  and  principally  by  their  under  surface,  as  has 
been  already  stated.  There  also  exist,  however,  numerous 
pores  or  apertures  in  the  bark  of  the  $tem  and  branches, 
through  which,  probably,  a  discharge  of  fluid  likewise  takes 
place. 

Respiration  is  another  function  which  plants  have  been 
supposed  to  perform  ;  and  there  can  be  no  doubt,  but  that 
tliey  are  aflfected  by,  and  produc  echanges  in  the  surround- 
ing atmosphere,  and  in  aerial  fluids,  to  the  action  of  which 
they  are  exposed.  The  nature  of  these  changes,  however, 
though  the  investigation  of  it  has  been  the  subject  of  nu- 
merous and  extensive  experiments,  is  still  imperfectly 
known  j  and  the  statement  of  this  function,  so  important 
in  what  relates  to  the  chemical  physiology  of  vegetables, 
will  require  some  details. 

At  an  early  period  of  pneumatic  chemistry,  (1771,  or 
1772),  Priestley,  from  some  facts  which  he  had  observed, 
inferred,  that  plants  growing  in  air  vitiated  by  combustion 
or  the  respiration  of  animals  restore  it  to  its  original  puri- 
ty. A  few  years  afterwards,  he  undertook  the  more  full 
investigation  of  this  subject ;  and  though,  in  the  course  of 
his  experiments,  the  results  were  variable,  and  sometimes 
discordant,  he  found,  that  in  many  of  them,  when  a  plant, 
or  the  shoot  of  a  plant,  was  introduced  and  confined  in  air 
which  had  been  vitiated  by  respiration  or  the  combustion 
of  a  taper,  in  which,  of  course,  carbonic  acid  was  present, 
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while  the  oxygen  was  nearly  or  entirely  abstracted,  in  a 
few  days  the  air  had  received  an  accession  of  oxygen  gas, 
so  as  to  suffer  a  diminution  of  volume  from  the  addition  of 
nitric  oxide  gas,  which  it  previously  did  not  do  ;  and,  in 
some  cases,  the  proportion  of  oxygen  appears  to  have  beea 
increased  to  even  more  than  the  usual  proportion  in  atmos- 
pheric air  *.  And,  in  other  experiments  made  at  a  later 
period,  he  found,  that  air  containing  a  large  proportion  of 
oxygen  was  evolved  from  aquatic  plants  immersed  in  wa- 
ter, and  exposed  to  the  solar  light  f . 

This  office,  apparently  performed  by  the  vegetable  king- 
dom, opened  an  admirable  view  of  adjustment  in  the  eco- 
nomy of  nature.  All  the  tribes  of  animals  consume,  in  re- 
spiration, part  of  the  oxygen  of  the  air  which  they  breathe, 
and  form  a  portion  of  carbonic  acid  gas,  which  they  ex- 
pire ;  and  the  necessary  effect  of  both  these  operations  is 
to  deteriorate  the  atmosphere,  or  render  it  less  fit  to  sup- 
port life.  It  may  be  concluded,  therefore,  that  there  are 
causes  equally  constant  and  general  in  their  action  by  which 
these  are  counteracted,  and  the  purity  of  the  atmosphere 
preserved.  This  was  supposed  to  be  performed  by  the  ve- 
getable kingdom.  The  experiments  of  Dr  Priestley  were 
regarded  as  proving,  that  growing  plants  give  oxygen  to  the 
atmosphere  ;  and  other  experiments  seemed  Irkewise  to 
prove,  that  they  absorb  and  decompose  carbonic  acid.  The 
one  tribe  of  animated  beings,  therefore,  appear  opposed  to 
the  other  in  the  changes  they  induce  on  the  air  which  h 
indispensable  to  both  ;  and,  by  these  reciprocal  changes, 
ir  is  preserved  in  a  state  adapted  to  the  support  of  each. 

*  Experiments  on  Air,  vol.  iv.  sect.  28. 
j-  Ibid.  vol.  V.  sect.  2. 
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I  have  stated,  however,  that  the  results  of  Dr  Priest- 
ley's experiments  were  not  uniform,  and,  in  many  of 
them,  the  clianges  produced  by  vegetation  in  the  air  ap- 
peared to  be  precisely  thb  reverse.    He  frequently  found, 
that  the  air  vitiated  by  combustion  or  respiration,  to 
which  the  plant  was  exposed,  was  not  ameliorated,  with- 
out being  able  always  to  discover  the  reason  why  it  was 
not :  sometimes  the  air  was  even  farther  injured  ;  and  in 
other  experiments  he  found,  that  common  air  was  dimi- 
nished, and  rend^ed  noxious  *.     In  the  experiments 
made  nearly  at  the  same  time,  too,  by  Scheele,  the  purity 
of  the  air  was  always  injured  both  by  germination  and  ve- 
getation.   Pease  were  confined  in  a  matrass,  over  water, 
in  which  they  soon  struck  out  roots  and  grew    and  whea 
they  had  ceased  growing,  the  air,  on  being  examined,  was 
found  to  have  remained  nearly  the  same  in  volume,  but  its 
oxygen  was  consumed,  and  a  quantity  of  carbonic  acid  gas, 
equal  to  the  oxygen  in  volume,  had  been  formed.  Scheele 
adds  to  the  account  of  this  experiment,  that  he  had  "  pre- 
served fresh  roots,  fruits,  herbs,  flowers^and  leaves,  each  se- 
parately in  a  matrass,  and  found,  after  some  days,  one-fourth 
of  the  air  changed  into  aerial  acid,"  or  carbonic  acid  gasf. 

On  the  other  hand,  the  conclusions  of  Priestley  appear- 
ed to  receive  confirmation,  to  a  certain  extent  at  least, 
froni  a  series  of  experiments  by  Ingenhousz.  Priestley 
himself  had  observed,  that  when  water  is  kept  for  some 
time  in  glass  vessels,  and  particularly,  when  any  vegetable 
had  been  previously  immersed  in  it,  a  quantity  of  a  green 
matter  is  generated,  which  he  considered  to  be  of  a  ve- 


*  Experiments  on  Air,  vol.  iv.  p.  299.  SOL  321. 
+  Experiments  on  Air  and  Fire,  p.  150. 
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getable  nature  *.  This  matter,  he  found,  when  exposed 
in  water  to  the  solar  light,  gave  out  a  considerable  quan- 
tity of  an  aeriform  fluid,  nearly  pure  oxygen  gas  ;  and  a 
similar  production  of  this  gas  he  found  to  take  place  from 
aquatic  plants,  exposed  under  water  to  the  action  of  light  f . 
Ingenhousz  prosecuted  this  investigation  to  a  greater  ex- 
tent. He  found,  that  not  only  from  the  green  matter  of 
Priestley,  but  likewise  from  the  leaves  of  vegetables,  from 
their  green  branches  or  shoots,  or  even  from  the  entire 
vegetable,  when  placed  under  water  and  exposed  to  the 
solar  light,  oxygen  gas,  in  a  state  generally  of  considera- 
ble purity,  is  evolved  :j: ;  and,  as  the  result  of  his  nume- 
rous experiments,  he  adopted  the  conclusion,  that  oxy- 
gen is  elaborated  in  the  leaves  or  other  organs  of  vege- 
tables, by  a  vital  action  excited  and  sustained  by  the  solar 
light  j|.  That  the  organic  structure  of  the  leaf  is  necessary 
to  this  production  of  oxygen,  and  that  it  is  therefore  the 
result  of  a  function  performed  by  it,  Ingenhousz  supposed 
to  be  proved  by  the  facts,  that  after  a  short  time,  (about 
two  days  in  general),  the  emission  of  oxygen  ceased,  in 
consequence,  as  he  supposed,  of  the  vessels  of  the  leaf 
gradually  losing  their  vital  powers ;  and  that  leaves  which 
had  been  bruised  gave  out  no  oxygen,  while  the  leaves  of 
the  same  plant  detached  from  it,  but  without  this  destruc- 


*  Others,  particularly  Ingenhousz,  have  considered  this  green 
matter  as  a  collection  of  animalculas. 

f  Experiments  on  Air,  vol.  iv,  p.  335. ;  vol.  v.  p.  16.  23.  32. 
X  Experiences  sur  les  Vegetaux,  torn.  i.  p.  22.  25.  105.  236. 
281,  &c. 

fl  Ibid.  torn.  i.  p.  43.  91. 
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tion  of  their  organization,  gave  oxygen,  the  other  circum- 
stances being  precisely  the  same.  At  the  same  time  he 
likewise  found,  that  when  the  light  is  excluded,  not  only 
does  the  evolution  of  oxygen  cease,  but  the  plant,  if  phcecl 
either  in  atmospheric  air  or  in  oxygen  gas,  consumes  oxy- 
gen and  produces  carbonic  acid  j  and  the  general  result  of 
all  his  experiments  is,  as  he  announces  it,  that  vegetables 
always  deteriorate  the  atmosphere,  except  when  exposed 
directly  to  the  solar  light  *. 

The  experiments  of  Priestley  and  Ingenhousz,  proving 
the  evolution  of  oxygen  gas  from  vegetables,  were  always 
liable,  however,  from  the  manner  in  which  they  were  made, 
to  the  objection,  that  the  oxygen  evolved  might  be  the  pro- 
duct, not  of  the  process  of  vegetation,  but  of  the  action  of 
the  solar  light  on  the  water  ;  the  vegetable  matter  affording 
merely  a  surface,  which  presented  the  water  in  a  favourable 
manner  to  the  action  of  the  light*,  that  the  oxygen,  there- 
fore, might  be  derived  entirely  from  the  water,  being  either 
the  portion  which  water  always  holds  dissolved,  or  part 
<;ven  of  the  oxygen  which  enters  into  the  composition  of 
that  fluid.  With  this  supposition,  the  fact  ascertained  by 
Ingenhousz,  that  when  the  light  is  not  present,  vegetables 
consume  the  oxygen  of  the  air,  and  form  carbonic  acid,  suf- 
ficiently accords  ;  for  it  appears  improbable,  that  vegetables 
should  perform  such  opposite  functions,  as  at  one  time  to 
produce  oxygen,  at  another  to  consume  it ;  or  that  they 
should  be  so  much  dependent  on  an  external  agent,  con- 
stantly variable,  as  that,  by  its  application,  they  should 


*  Experiences  sur  les  Vegctaux,  tom.  i.  p.  €1.  251. ;  tom. 
ii.  p.  49.  102. 
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perforan  one  function,  and,  on  its  abstraction,  not  only 
cease  perfornning  this,  but  perform  one  precisely  the  re- 
verse. It  Height  rather  be  concluded,  that  the  functioa 
which  they  do  perform  when  the  light  is  excluded,  is  that 
which  is  natural  to  them  ;  and  that  the  ceasing  of  this, 
when  they  are  immersed  under  water  and  exposed  to  the 
solar  light,  is  owing  to  the  exclusion  of  the  atmospheric 
air  j  while  the  evolution  of  oxygen,  which  under  these  cir- 
cumstances also  takes  place,  may  be  owing  merely  to  the 
chemical  action  of  the  light  on  the  water.  Other  facts  a- 
gree  with  these  conclusions.  If  the  evolution  of  oxygen 
depended  on  the  action  of  the  light  on  the  water,  it  might 
be  concluded,  that  it  would  vary  somewhat,  according  to 
the  nature  of  the  water,  as,  for  example,  whether  it  held 
more  or  less  air  in  solution  ;  while,  if  it  were  the  result  of 
the  process  of  vegetation,  or  of  any  function  performed  by 
the  vegetable,  it  could  be  little  affected  by  such  a  cause. 
And  it  equally  follows,  that,  were  the  oxygen  evolved 
from  the  plant,  the  evolution  ought  to  conthme  as  long  as 
it  continued  to  perform  its  functions ;  while,  if  it  were 
derived  from  the  air  dissolved  by  the  water,  the  evolution 
must  soon  cease.  Now,  on  these  points,  the  facts  observ- 
ed both  by  Ingeahousz  and  Priestley  are  at  variance  with 
the  conclusion,  that  the  oxygen  is  emitted  by  the  vege- 
table. They  both  observed,  that  the  emission  was  mate- 
rially dependent  on  the  kind  of  water  in  which  the  vegeta- 
ble matter  was  immersed.  It  was  more  abundant  from 
water  drawn  by  a  pump  than  from  any  other  ;  more  so 
from  river-water  than  from  rain-water,  and  less  copious, 
as  well  as  less  pure,  from  stagnant  water,  or  water  that 
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had  been  boiled  or  distilled  *.  The  evolution,  also,  in  the 
same  quantity  of  water,  continued  only  for  a  limited  time  i 
and  that  this  could  not,  as  Ingenhousz  imagined,  arise  from 
the  termination  of  the  life  or  functions  of  the  vegetable, 
supposing  the  evolution  to  have  arisen  from  that  cause, 
was  apparent  from  the  fact  likewise  observed  by  Priest- 
ley f ,  that,  on  removing  the  water,  and  adding  a  new 
quantity,  the  production  of  oxygen  took  place  as  before. 
These  facts,  it  must  be  acknowledged,  appear  to  establish 
the  conclusion,  that  the  production  of  oxygen  from  vege- 
table matter,  under  the  circumstances  observed  by  Priest- 
ley and  Ingenhousz,  is  not  the  result  of  any  function  of 
the  living  vegetable,  but  rather  of  the  chemical  action  of 
the  light  on  the  water,  or  on  the  humid  vegetable  matter. 

Yet  there  are  other  facts  adverse  to  this  conclusion,  and 
which  appear  to  prove  that  the  leaf  operates  in  these  ex- 
periments in  consequence  of  its  organic  structure,  and  the 
actions  connected  with  this.  Thus,  Ingenhousz  found,  that 
in  exposing  to  the  solar  light,  in  separate  portions  of  the 
same  water,  living  vegetables,  or  the  leaf  of  a  plant  newly 
detached,  and  substances  which  might  equally  afford  a  sur- 
face on  which  the  light  might  act,  as  pieces  of  silk  or  cloth, 
while  the  former  afforded  very  pure  oxygen,  the  latter 
gave  none  J  :  the  oxygen  given  out  is  purer  when  the  up- 
per surface  than  when  the  under  surface  of  the  leaf  is  ex- 


*  Priestley's  Experiments  on  Arr,  vol.  t.  p,  35.  36. 

Ingenhousz  Experiences  sur  les  Vegetaux,  torn.  i.  p.  8.  282. 
f  Experiments  on  Air,  vol.  v.  p.  25. 
X  Philosophical  Transactions,  vol.  Ixxii.  p.  426. 
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posed  to  the  light  *  :  and  a  larger  quantity  of  oxygen  is 
given  out  from  leaves  in  a  state  of  maturity  and  vigour,  than 
from  those  which  are  feeble,  and  imperfectly  developed  f. 
While  the  leaves  thus  give  oxygen,  and  improve  the  air, 
the  flowers  and  other  parts  of  the  plant  always  deteriorate 
it :}: :  leaves  which  are  dead,  or  have  their  organization  de- 
stroyed, give  cut  no  oxygen  j{  :  the  emission  of  this  gas  from 
leaves  under  exposure  to  light,  in  conformity  to  this  last 
fact,  continues  only  for  a  certain  time:  and,  lastly,  the 
quantity  of  oxygen  evolved  is  greater  than  can  be  suppos- 
ed to  be  derived  from  the  air  which  water  holds  in  solu- 
tion *,  and  the  water  surrounding  the  leaf,  when  the  cessa- 
tion of  the  production  of  oxygen  has  taken  place,  instead 
©f  being  deprived,  is,  as  Ingenhousz  has  remarked  §,  satu- 
rated with  it,  sparkles  when  agitated,  and  gives  it  out  when 
exposed  to  heat.  All  these  facts  appear  to  prove,  that  the 
production  of  the  oxygen,  under  these  circumstances,  is 
the  result  of  a  function  performed  by  the  living  leaf,  and 
capable  of  being  performed  by  it  alone. 

The  facts  stated  in  opposition  to  this  conclusion  have 
been  supposed  to  be  reconciled  with  it,  by  a  discovery  an- 
nounced by  Sennebier,  and  confirmed  by  Woodhouse  and 
Saussure, — that  the  -production  of  oxygen  by  plants,  ex- 
posed in  connection  with  water  to  the  solar  light,  depends 
principally  on  the  carbonic  acid  which  the  water  contains. 
Sennebier  remarked,  that,  according  to  the  experiments  of 
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Priestley  and  Ingenhousz,  the  leaves  of  plants  exposed  to 
light  in  water  which  had  been  boiled,  gave  no  oxygen  gas, 
<i  fact  which  he  verified  by  experiment  while,  when 
placed  in  well-water  newly  drawn,  this  gas  was  emitted. 
The  object,  then,  was  to  discover,  what  circumstance  at- 
tending the  well-water  favoured  this  production  of  oxy- 
gen ;  and  this,  he  supposed,  was  a  portion  of  carbonic 
acid  contained  in  this  water,  the  decomposition  of  which 
afforded  the  oxygen.  He  therefore  impregnated  water 
with  carbonic  acid,  in  different  proportions,  and  compared 
the  quantity  of  air  given  out,  when  leaves  were  exposed 
to  the  solar  light  in  these  portions  of  water  and  in  common 
water,  or  water  which  had  been  boiled.  In  the  last,  he 
found  no  air  to  be  given  out-,  in  the  common  water,  a 
little  was  evolved  j  and  a  much  larger  quantity  was  emit- 
ted from  the  water  impregnated  with  carbonic  acid.  He 
farther  found,  tliat,  after  a  certain  time,  the  impregnated 
water  lost  this  superiority,  and  that  it  lost  it  instantly 
when  the  carbonic  acid  was  abstracted  by  boiling,  or  by 
the  addition  of  lime-water  i  while,  if  a  little  acid  was 
added,  to  disengage  the  carbonic  acid  from  the  lime,  the 
power  of  furnishing  oxygen  was  restored  *.  These  facts- 
have  been  confirmed  by  other  authorities.  Ingenhousz 
found,  that  if  vegetables  are  submitted  to  the  action  of 
solar  light,  under  water  which  has  been  boiled  strongly, 
no  oxygen  gas  is  obtained  ;  but  on  impregnating  this  wa- 
ter with  carbonic  acid,  if  the  impregnation  is  not  too 
strong,  oxygen  is  afforded  in  large  quantity,  and  of  great 
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purity  * :  and  Woodhouse  found,  that  the  air  produced  by 
the  exposure  of  the  leaves  of  plants  to  the  solar  light  ia 
river  water  was  principally  nitrogen,  while  that  from 
the  same  water  with  carbonic  acid,  was  oxygen  gas 
of  a  high  degree  of  purity  f .  It  appears  to  be  proved, 
therefore,  that  the  production  of  oxygen,  when  leaves 
are  exposed  immersed  in  water  to  the  solar  light,  de- 
pends, if  not  entirely,  at  least  in  a  great  measure,  on  the 
decomposition  of  the  carbonic  acid  contained  in  the  water. 
There  is  another  cause,  too,  which  has  been  assigned  by 
Ingenhousz,  why  the  kind  of  water  employed  in  the  ex- 
periment appears  to  influence  the  production  of  oxygen. 
In  water  that  has  been  boiled,  the  air  it  held  in  solution  is 
expelled  j  and  hence,  when  oxygen  is  emitted  by  the  leaf 
exposed  to  the  solar  light  in  such  water,  the  first  portions 
are  absorbed  by  the  water,  and  it  does  not  pass  to  the 
elastic  state  until  the  water  is  saturated,  while,  in  common 
water,  there  is  no  loss  from  this  cause  J. 

A  series  of  experiments  made  some  years  ago  by  Count 
Rumford,  has  been  supposed  to  afford  results  unfavour- 
able to  the  conclusion,  that  the  production  of  oxygen  de- 
pends on  a  function  performed  by  the  leaf,  and  connected 
with  its  organization  and  life.  In  these  experiments,  va* 
rious  inorganic  substances,  such  as  raw  silk,  eider  down, 
cotton,  and  linen,  immersed  in  water,  and  exposed  to  the 
solar  light,  gave  out  oxygen  gas,  some  of  them  in  as  large 
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quantity  and  In  as  great  purity  as  vegetables  do  *.  Though 
considerable  stress  has  been  laid  on  these  experiments, 
they  are,  however,  little  conclusive.  In  almost  all.of  them, 
the  experiment  was  continued  several  days  before  the  air 
produced  was  withdrawn  and  examined  ;  and  Ingenhousz, 
in  some  observations  on  themf,  very  justly  remarked, 
that  the  production  of  the  oxygen  might  be  from  the  green 
matter  originally  observed  by  Priestley,  which  is  always 
generated  when  water  is  exposed  to  light  with  any  vege- 
table or  animal  matter,  Rumford  himself,  in  relating  his 
experiments,  generally  states,  that  the  water  lost  somewhat 
of  its  transparency,  and  acquired  a  greenish  tinge  %  ;  and 
he  adds,  that,  on  examining  water  which  had  acquired  this 
green  tinge,  he  found,  that  the  green  matter,  which,  with 
Ingenhousz,  he  considers  as  a  collection  of  animalculx, 
had  been  formed  ||.  In  some  of  the  experiments,  the  evo- 
lution of  air  took  place  sooner  than  it  could  be  supposed 
any  matter  of  this  kind  vi'as  generated  ;  but,  in  the  experi- 
ments in  which  the  air  evolved  at  this  early  period  was  ex- 
amined, it  was  found,  with  the  exception,  in  one  or  two 
experiments  of  the  air  from  raw  silk,  to  be  not  oxygen, 
but  apparently  nitrogen,  or,  to  use  the  term  in  which  the 
fact  was  expressed, "  was  much  worse  than  common  air  j" 
and  it  was  only  after  the  fifth  or  sixth  day,  when  the  pro- 
duction of  the  green  matter  might  have  taken  place,  that 
the  production  of  oxygen  commenced  §;  and,  in  one  of 
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the  experiments,  the  appearance  of  the  green  matter,  at 
the  time  when  the  oxygen  began  to  be  produced,  is  dis- 
tinctly remarked  :  on  the  fifth  day,  "  the  water  changing 
suddenly  to  a  greenish  colour,  began  all  at  once  to  give 
good  air  in  great  abundance."    He  observed  also  *,  tflat 
the  leaves  of  vegetables  lost  their  power  of  emitting  oxy- 
gen, when  exposed  in  water  to  the  solar  light,  after  an  ex-  * 
posure  of  two  or  three  days,  (the  organization  and  life  of  • 
the  leaf  being  probably  by  this  time  subverted)  :  they  then, 
for  a  certain  interval  of  time,  furnish  no  oxygen, — a  fact 
directly  subversive  of  the  opinion,  that  any  dead  Inorganic 
matter,  immersed  in  water  and  exposed  to  light,  will  afford, 
air,  in  consequence  of  affording  a  surface  at  which  the 
light  can  act  on  the  water.     But  after  this  interval, 
they  again  resumed  the  power  of  affording  oxygen ;  the 
peculiar  green  matter  which  affords  that  principle  being 
then  produced, — a  fact  which  strongly  proves  its  agency 
in  all  these  experiments.    And,  lastly,  Rumford  found, 
that  in  employing  a  substance  which  could  neither  exert 
any  chemical  agency  on  the  water,  nor  contribute  to  the 
production  of  the  peculiar  green  matter,  but  merely  afford 
a  surface,  whence  the  air  contained  in  the  water  might  be 
extricated  by  the  agency  of  light, — such,  for  example,  as 
fine  spun  glass  ;  in  this  case,  very  little  air  was  extricated, 
and  the  small  quantity  obtained,  instead  of  being  oxygen, 
was  rather  worse  than  common  air,  and,  as  Rumford  re- 
marked, "  was  doubtless  merely  the  air  with  which  the 
water  had  been  overcharged  f ."     These  experiments, 
therefore,  rather  confirm  than  invalidate  those  of  Priestley 
and  Ingenhousz. 
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Experiments  performed  by  immersing  the  plant  in  water 
may  still,  however,  be  supposed  liable  to  some  sources  of 
fallacy ;  and  it  must  be  considered  as  more  satisfactory,  to 
determine  the  changes  occasioned  in  the  surrounding  air 
b)fa  vegetable  in  its  natural  situation.  This  has  according- 
ly been  repeatedly  made  the  subject  of  experiment,  but 
with  results  far  from  being  uniform. 

Dr  Priestley,  at  an  early  period  of  his  researches,  had  ob- 
served, as  has  been  stated,  that  air  injured  by  respiration, 
or  combustion,  was  ameliorated  by  plants  growing  in  it, 
though  sometimes  it  was  rather  farther  injured  *.  In  the 
latter  case,  however,  it  appears  from  his  experiments,  that 
the  plant  confined  in  the  air  was  growing  in  earth  ;  and 
the  action  of  the  vegetable  mould  might  have  given  rise  to 
the  result  he  observed.  In  other  cases,  where  he  merely 
introduced  the  flexible  shoots  of  plants,  by  bending  them, 
into  jars  of  air,  the  air  was  ameliorated  j  and  he  observes, 
that  all  the  cases  in  which  common  air  was  improved  by 
vegetation,  were  those  in  which  the  experiment  was  per- 
formed in  rhis  manner  f ,  of  which  he  gives  a  number  of 
examples,  with  regard  to  different  plants.  He  found,  too, 
that  plants  did  not  flourish  when  their  branches  were  in- 
troduced into  pure  oxygen  gas  i  that  this  also  was  the 
case  when  they  were  confined  in  carbonic  acid  gas,  either 
pure  or  mixed  with  a  portion  of  atmospheric  air.  Dr  Per- 
cival,  on  the  other  hand,  had  observed,  that  carbonic  acid 
gas,  supplied  to  growing  vegetables  in  a  small  proportion, 
was  favourable  to  their  growth  J.    And  Mr  Henrv  stTiior^ 

*  Experiments  on  Air,  vol.  i.  p.  91. 

t  Ibid.  vol.  iv.  p.  300.  305.  307. 

X  Manchester  Memoirs,  vol.  ii.  p.  340. 


'  OF  VEGETABLES.  37 

in  repeating  these  experiments,  had  observed  the  same  re- 
sult i  observing  also,  that,  when  the  vegetables  submitted 
to  experiment  were  confined  in  pure  carbonic  acid  gas, 
they  soon  died       Ingenhousz  had  remarked,  that  plants, 
confined  in  an  atmosphere  containing  a  portion  of  carbo- 
nic gas,  decompose  it,  or  convert  it  into  oxygen  gas,  when 
exposed  to  the  solar  light  ;  and  he  stated,  at  the  same 
time,  that  the  direct  application  of  this  light  is  necessary  ; 
so  that,  when  it  is  even  only  partially  excluded,  the  con- 
version does  not  take  place,  and,  in  a  dark  place,  oxygen 
is  consumed,  and  converted  into  carbdnic  acid  f .  He 
farther  observed,  that  air  vitiated  by  respiration  is  restored 
to  its  former  purity,  by  shoots  or  branches  of  various 
plants  being  confined  in  bottles  filled  with  it,  and  exposed 
to  the  solar  light ;  and  this  happens  without  the,  presence 
of  water :  "  A  leaf  of  a  vine,  inclosed  in  a  flask  capable 
of  containing  about  an  ounce  of  water  full  of  air  infected 
by  respiration,  will  re-establish  it  in  an  hour  and  a  half 
The  experiments  of  Sennebier  nearly  correspond  with 
these.    He  found,  that  the  air  inclosed  with  the  branches 
of  plants  under  glass  receivers,  placed  over  water,  and  ex- 
posed to  the  sun,  was  almost  always  a  little  ameliorated  j 
and  was  still  more  so,  w!ien  the  branches  were  removed 
during  the  night,  and  when  they  were  renewed  everyday, 
or  were  in  connection  with  the  plant.    He  found  also, 
that  when  branches  were  exposed  to  the  light  in  this  man- 
ner in  nitrogen  or  hydrogen  gas,  renewing  them  every 
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day,  and  observing  the  result  daily,  there  was  progressive- 
ly an  addition  of  oxygen  gas,  so  that,  at  length,  a  taper  in- 
troduced into  the  nitrogen  gas  burned  brightly,  and  the 
hydrogen  gas,  on  transmitting  through  it  the  electric 
spark,  gave  a  violent  detonation  *. 

This  subject  has  been  more  lately  investigated,  and  se- 
veral series  of  experiments  performed,  but  with  results 
which  are  still  discordant. 

The  first  of  these  have  been  performed  by  Dr  Wood- 
house,  professor  of  chemistry  at  Philadelphia.  He  confined 
various  plants  in  atmospheric  air,  exposing  them  at  the 
isame  time  to  the  solar  light.  "  Carbonic  acid  gas  was  ge- 
nerally formed  ;  and  whenever  this  circumstance  happen- 
ed, the  purity  of  the  air  was  diminished."  The  results 
were  similar  when  they  were  confined  in  oxygen  gas,  the 
plant,  however,  generally  soon  dying  in  this  situation.  Dr 
Woodhouse,  however,  instead  of  inferring  from  his  expe- 
riments that  the  consumption  of  oxygen  and  formation  of 
carbonic  acid  are  functions  performed  by  the  living  plant, 
rather  concluded,  that  the  production  of  the  carbonic  acid 
is  from  the  leaves  of  the  confined  plant  in  part  decaying, 
and  the  oxygen  of  the  air  uniting  with  the  carbonaceous 
matter  of  the  dead  portion  of  the  leaf.  He  supposed  even, 
that  the  carbonic  acid  is  decomposed  by  the  living  leaf,  its 
carbon  abstracted,  and  its  oxygen  evolved.  And  in  con- 
firmation of  this  opinion,  he  states  the  experiment,  that 
when  leaves  of  different  plants  were  exposed  to  the  solar 
light  in  atmospheric  air,  having  a  quantity  of  carbonic  acid 
mixed  with  it,  the  carbonic  acid  disappeared,  and  the  at- 
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mospherk  air  was  much  increased  in  purity.    He  found 
also,  that  leaves  immersed  in  water  containing  carbonic 
acid,  afforded  oxygen  on  exposure  to  solar  light ;  while, 
if  the  water  contained  no  carbonic  acid,  they  afforded  an 
air  which  was  principally  nitrogen.    Hence  he  concludes, 
that  in  all  cases  where  oxygen  appears  to  be  produced  by 
vegetables,  it  is  derived  from  the  decomposition  of  carbo- 
nic acid  ;  and  as  little  of  this  gas  is  contained  in  the  atmo- 
sphere, he  supposes  that  the  vegetable  kingdom  can  have 
littie  effect  in  preserving  the  purity  of  atmospheric^  air. 
The  production  of  carbonic  acid,  on  the  other  hand,  he 
regards  as  always  arising  from  the  action  of  the  oxygen  of 
the  air  on  the  carbon  of  the  dead  or  decayed  vegetable  or 
of  the  soil.    And  with  regard  to  the  general  action  of  ve- 
getables on  atmospheric  air,  he  remarks,  that  "  when  a 
plant  in  perfect  health,  growing  in  a  soil  which  contains 
little  vegetable  or  animal  matter,  is  confined  in  atmosphe- 
rical air,  it  will  live  a  long  time  without  producing  any 
change  in  it.    Many  of  the  vegetables  which  were  the 
subjects  of  these  experiments,  did  not  affect  the  air  in  five 
days ;  some  diminished  its  purity  in  three  hours,  and  others 
altered  it  in  a  most  slow  and  gradual  manner,  causing  lit- 
tle change  in  it  in  twenty  days  *." 

Theodore  de  Saussure  appears  also  to  have  formed  the 
opinion,  that  carbonic  acid  is  decomposed  by  growing  ve- 
getables :  he  considered  this  decomposition  as  the  result 
of  the  process  of  vegetation  j  as  the  source  of  the  carbon 
pi  the  plant,  and  of  the  oxygen  it  evolves.  Hence  his  ex- 
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periments,  in  his  extensive  investigation  of  this  subject  *, 
were  principally  directed  to  establish  the  facts  with  regard 
to  it  and  in  nearly  all  of  them  plants  were  exposed  not 
to  pure  atmospheric  air,  hut  to  this  air,  with  a  greater  or 
less  admixture  of  carbonic  acid  gas.  His  experiments 
were  made  by  placing  the  plants  on  which  he  operated, 
after  they  had  attained  a  certain  height,  in  a  vessel,  in  the 
bottom  of  which  was  such  a  quantity  of  water,  that  the 
roots  were  immersed  in  it.  There  were  then  introduced 
mixtures  in  various  proportions  of  atmospheric  air  and 
carbonic  acid  gas  :  and  the  vessels  were  either  exposed  to 
the  solar  rays  or  placed  in  the  shade,  according  to  the  ob- 
ject of  the  experiment.  When  the  proportion  of  this  gas 
did  not  exceed  a  twelfth  part  of  the  atmospheric  air,  it 
proved,  according  to  Saussure,  favourable  to  the  progress 
of  vegetation,  or  the  plant  flourished  more  than  in  com- 
mon air  :  when  it  exceeded  this  much,  it  was  prejudicial ; 
and  in  an  air  consisting  of  half  of  its  volume  of  carbonic 
acid  gas,  the  plants  perished  in  seven  days.  At  the  same 
time,  oxygen  must  likewise  be  present  to  admit  of  the 
plant  receiving  benefit  from  the  admixture  of  carbonic 
acid  gas.  In  the  atmosphere,  of  which  carbonic  acid  form  s 
a  part,  and  in  which  the  plant  vegetates  when  exposed  to 
light,  the  carbonic  acid  is,  according  to  this  chemist,  al- 
ways consumed  ;  its  carbon  enters  into  the  composition 
of  the  vegetable  matter,  and  part  of  its  oxygen  is  expend- 
ed in  the  same  manner,  while  the  remaining  oxygen,  with 
a  small  and  variable  proportion  of  nitrogen,  are  exhaled. 
Thus  seven  plants  of  the  Fi/ica  minor  having  been  in- 
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troduced  into  a  mixture  of  atmospheric  air  and  carbonic 
acid  gas,  (the  latter  amounting  to  7^  partann  1 00),  were 
confined  over  mercury,  on  the  surface  of  which  was  a  lit- 
tle water,  the  roots  of  the  plants  being  in  a  separate  ves- 
sel, and  under  these  arrangements  were  exposed  six  suc- 
cessive days  to  the  direct  rays  of  the  sun.  On  the  seventh 
day  the  air  had  suffered  no  alteration  in  volume  ;  but  in 
its  composition  it  was  entirely  changed  :  lime  water  gave 
no  indication  of  any  carbonic  acid  in  it,  while  the  phos- 
phorous eudiometer  indicated  the  proportion  of  oxygen  to 
be  ~i  the  original  proportion,  as  determined  by  the 

21 

phosphorus,  being  — .    Or,  according  to  the  more  min- 
ute statement : 

The  original  air  employed  in  the  experiment,  contained 
of  nitrogen  gas  211.92  cubic  inches,  oxygen  56.33,  car- 
bonic acid  21.75. 

The  air,  at  the  termination  of  the  experiment,  contain- 
ed of  nitrogen  gas  2 18.95  cubic  inches,  of  oxygen  71.05, 
of  carbonic  acid  0. 

Hence  2 1^  cubic  inches  of  carbonic  acid  gas  had  been  con- 
sumed by  the  vegetables  :  if  the  oxygen  of  this  had  been 
all  emitted,  it  would  have  occupied  a  volume  about  equal  » 
to  that  of  the  carbonic  acid  which  had  dissappearcd ;  but 
the  quantity  added  amounted  only  to  14^  cubic  inches  ; 
hence  7  cubic  inches,  or  about  the  half  of  that  exhaled, 
is  retained  by  the  plant  and  assimilated,  while  a  portion 
of  nitrogen  gas  (7  cubic  inches)  had  been  exhaled  by  it. 

From  a  comparative  experiment,  Saussure  adds,  he  found 
that  the  seven  plants  of  the  Vinca  minor  which  he  em- 
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ployed,  would  have  furnished,  by  decomposition  in  close 
vessels,  9.95  grains  of  charcoal,  previous  to  exposure  to 
the  atmosphere  containing  carbonic  acid  gas  j  while  the 
same  plants,  after  that  exposure,  afforded  of  charcoal 
3  2,23  grains.  These  results,  both  as  to  the  consumption 
of  carbonic  acid,  evolution  of  oxygen,  and  increase  of  car- 
bon in  the  plant,  were  confirmed  by  a  number  of  experi- 
ments on  other  plants,  (Mentha  aquatica,  Lythrium  sali- 
caria,  Pinus  genevensis.  Cactus  opuntia),  and  the  general 
conclusion  established,  that  under  exposure  to  light,  plants 
always  decompose  carbonic  acid  by  their  leaves,  retain  its 
carbon  and  part  of  its  oxygen,  while  the  remaining  oxygen 
with  a  portion  of  nitrogen  are  exhaled  *. 

It  is  this  decomposition  of  carbonic  acid  which,  accord- 
ing to  the  views  of  Saussure,  is  the  source  of  the  carbon  in 
plants ;  since,  when  made  to  vegetate  in  pure  water  and 
in  an  atmosphere  deprived  of  carbonic  acid,  he  found,  that 
they  increased  in  bulk  only,  without  acquiring  any  addi- 
tion of  carbon,  or  with  even  a  slight  diminution  of  it.  But 
in  common  atmospheric  air,  where  a  small  portion  of  car- 
bonic acid  is  constantly  supplied  to  them,  amounting,  ac- 
cording to  his  estimate,  to^  of  the  air,  he  has  found,  (in 
opposition  to  Hassenfratz,  who  had  stated  from  some  ex- 
periments f ,  that  plants  vegetating  in  pure  water,  and  in 
atmospheric  air,  contain,  after  their  growth  is  established, 
even  a  less  quantity  of  carbon  than  before),  that  the  pro- 
portion of  carbon  is  augmented  from  this  source.  Thus 
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t  Aunales  de  Chimie,  torn.  xiii. 


OF  VEGETABLES.  45 

the  roots  of  the  Mentha  piperita  being  plunged  In  bottles 
full  of  distilled  water,  and  allowed  to  vegetate,  under  ex- 
posure to  the  air  and  light,  it  was  ascertained  by  compa- 
rative experiments,  that  100  parts  by  weight  of  the  plants 
employed,  contained  40.29  of  dry  vegetable  matter,  which 
afforded  10.96  of  carbon  ;  while  after  vegetating,  as  in  the 
above  experiment,  for  2^  months,  the  100  parts  had  in- 
creased in  weight  to  216  parts,  which  dried  weighed  62  ; 
and  from  these  were  obtained,  by  decomposition  in  close 
vessels,  15.78  of  charcoal,  or  4.82  more  than  what  they 
contained  at  the  commencement  of  the  experiment.  A  si- 
milar result  was  obtained,  when  beans  were  made  to  ve- 
getate in  pieces  of  flint,  in  a  glass  capsule,  and  supplied 
with  distilled  water.  The  original  beans  gave  22^  grains 
of  charcoal  \  while  after  vegetation  in  the  open  air  for 
three  months,  the  plants  afforded  51  grains  *. 

When  light  is  not  applied  to  plants,  other  actions  are 
exerted.  Carbonic  acid,  instead  of  promoting  the  vege- 
tation, is  hurtful  to  it,  and  does  not  appear  to  be  decom- 
posed, or  is  decomposed  »t  least  only  in  minute  quantity. 
In  atmospheric  air  freed  from  carbonic  acid,  the  recent 
leaves,  when  light  is  not  present,  consume  a  portion  of  the 
oxygen,  and  after  a  short  time,  or  some  of  them  imme- 
diately, form  carbonic  acid  gas  which  Is  expired  |.  This, 
if  not  removed,  proves  injurious,  while  the  plant  remains 
in  obscurity.  But  if  light  be  admitted,  it  is  then  rather 
advantageous  ;  the  plant  again  decomposes  it,  retains  its 
carbon,  and  emits  its  oxygen.  Thus,  if  the  vegetable,  un- 
der exposure  to  light,  be  inclosed  in  atmospheric  air  with 
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a  portion  of  lime  or  a  solution  of  potassa,  which  absorbs 
any  carbonic  acid  that  has  been  formed  under  the  previous 
abstraction  of  light,  it  soon  dies,  the  leaves  falling  entirely 
from  the  branches  in  five  or  six  days.  If  kept  in  the  shade, 
however,  the  lime  or  alkali,  Instead  of  being  hurtful  to  ve- 
getation, is  rather  favourable,  as  it  removes  the  carbonic 
-icid  gas,  which  the  vegetable,  without  the  assistance  of 
light,  is  unable  to  decompose. 

Tliese  functions  are  performed  by  the  green  parts  of 
plants,  principally  by  the  leaves.  The  root,  wood,  and 
even  the  petals  of  the  plant,  yield  only  carbon  to  the  oxy- 
gen which  surrounds  them. 

The  summary  view,  therefore,  of  the  function  of  respi- 
ration performed  by  vegetables,  and  its  connection  with 
their  growth,  as  given  by  T.  Saussure,  is,  that  plants  un- 
der exposure  to  light,  absorb  and  decompose  carbonic  acid, 
whether  supplied  by  the  atmosphere,  by  water,  or  from 
the  soil;  its  carbon,  with  part  of  its  oxygen,  enters  into 
their  composition,  and  the  remaining  oxygen  is  given  out. 
In  darkness  this  oxygen,  or  the  oxygen  of  the  surrounding 
air,  is  again  consumed  or  absorbed  ;  it  acts  on  the  matter 
of  the  plant,  combines  with  its  carbon,  and  again  forms 
carbonic  acid,  which  is  exhaled  :  on  the  return  of  light, 
this  is  decomposed,  its  carbon  and  part  of  Its  oxygen  trans- 
ferred to  the  plant,  and  Its  remaining  oxygen  emitted  •,  and 
hence,  if  a  plant  be  exposed  alternately  to  the  light  and 
?hade,  neither  the  volume  nor  purity  of  the  air  is  altered. 
It  is  only  by  submitting  to  separate  examination  the  ef- 
tccts  in  the  shade,  and  under  exposure  to  light,  that  these 
are  discovered,  and  the  preceding  results  can  be  establish-  ' 
td  *.  . 

*  Recht-rches,  p.  91. 
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A  series  of  experiments  has  been  lately  published  by  Mr 
Ellis  *,  which  present  a  different  and  more  simple  view  of 
the  effects  of  vegetation  on  atmospheric  air,  and  of  the 
share  which  it  has  in  that  process.  They  lead  to  the  im- 
portant conclusion,  not  before,  I  believe,  distinctly  advan- 
ced by  any  of  those  who  have  investigated  this  subject, — 
that  the  function  of  respiration  is,  as  to  its  results,  the 
same  in  vegetables  as  in  animals ;  that  the  former  as  weilv 
as  the  latter,  in  all  situations,  consume  the  oxygen  of  the 
air,  by  converting  it  into  carbonic  acid. 

It  had  been  sufficiently  established  by  the  experiments 
of  Scheele,  Ingenhousz,  Gough,  Cruickshank,  and  others, 
that,  during  the  process  of  germination,  oxygen  is  con-p 
sumed  and  carbonic  acid  formed.  But  it  had  been  be- 
lieved, that  when  the  germination  is  completed,  and  the 
structure  and  powers  of  the  plant  developed,  this  ceases, 
and  other  functions  commence,  giving  rise  to  very  diffe- 
rent results.  With  regard  to  the  changes  effected  in  the 
surrounding  air,  according  to  the  experiments  of  Mr  Ellis, 
the  same  process  is  still  continued  and  in  vegetation  as 
well  as  in  germination,  oxygen  is  consumed  and  carbonic 
acid  formed. 

He  placed  some  seeds  of  mustard,  which  had  been 
brought  to  vegetate  on  mpistened  flannel,  and  had  grown 
to  the  height  of  more  than  an  inch,  in  a  jar  of  atmosphe- 
ric air,  supporting  them  by  a  small  whalebone  hoop  cover- 
ed with  netting.    A  quantity  of  lime-water  in  a  glass  was 


*  Inquiry  into  the  changes  induced  on  Atmospheric  x^ir  by 
the  Gerim.  .;tioii  of  Seeds,  the  Vegetation  of  Plants,  and  the 
Respiration  or  Animals. 
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placed  beneath  the  hoop,  and  the  mouth  of  the  inverted 
jar  was  surrounded  with  water.  In  a  few  hours  a  thick 
peUicle  overspread  the  hme-water  :  at  the  end  of  twenty- 
four  hours  it  was  very  turbid,  and  the  water  had  risen  half 
an  inch  within  the  jar :  at  the  end  of  the  third  day  it  had 
risen  nearly  an  inch  within  the  jar :  the  plants  now  began 
to  look  sickly,  gradually  drooped,  and  by  the  ninth  day 
fell  down  against  the  sides  of  the  jar.  The  residual  air 
extinguished  a  taper,  and  rendered  lime-water  milky,  with 
a  further  diminution  of  volume.  Its  oxygen  therefore 
t^ad  been  consumed,  and  carbonic  acid  formed.  The  re- 
sults were  similar  when  the  experiment  was  performed 
over  quicksilver. 

In  subsequent  experiments,  the  changes  in  the  air  were 
determined  with  still  more  precision,  and  were  always 
found  to  be  the  same.  Its  oxygen  was  uniformly  con- 
sumed and  replaced  by  carbonic  acid  gas,  the  proportion 
of  which  was  such,  that  there  was  on  the  whole  little  di- 
minution of  volurne  ;  the  carbonic  acid  gas  produced,  be- 
ing nearly  equal  in  volume  to  the  oxygen  consumed.  Car- 
bonic acid  gas,  Mr  Ellis  endeavours  to  shew,  is  not  neces*, 
sary  to  the  growth  of  plants  ;  since  the  plant  dies  when  it 
is  abundantly  supplied  with  it,  if  oxygen  be  not  present, 
and,  on  the  other  hand,  it  lives  and  flourishes  as  long  as 
it  is  supplied  with  oxygen,  though  carbonic  acid  be  com- 
pletely abstracted  from  it.  The  experiments  of  Priestley 
and  Ingenhousz,  in  proof  of  the  emission  of  oxygen  by  the 
leaves  of  plants  when  immersed  in  water  and  acted  on  by 
light,  he  contends  are  inconclusive,  as  the  leaf  in  this  si- 
tuation, and  especially  as  detached  from  the  plant,  cannot 
he  supposed  to  perform  its  natiir:^!  function. 
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I  have  repeatedly  witnessed  Mr  Ellis's  experiments,  and 
been  fully  satisfied  of  their  accuracy,  or  that  the  results 
were  precisely  as  described,  and  established  without  any 
apparent  source  of  fallacy.  They  agree  too  with  those  of 
Scheele,  and  in  part  with  those  of  Woodhouse  ;  but  they 
are  in  direct  opposition  to  those  of  Priestley,  and  in  some 
parts  are  at  variance  with  those  of  some  other  chemists. 
It  is  therefore  difficult  to  form  a  decided  opinion  on  a  sub- 
ject, with  regard  to  which,  experiments  appear  to  be  so 
liable  to  uncertainty  and  fallacy. 

I  had  formerly  supposed,  that  the  results  in  Mr  Ellis's 
experiments,  and  in  those  of  Scheele,  with  regard  to  the  con- 
sumption of  oxygen  and  formation  of  carbonic  acid,  might 
have  arisen  from  plants  being  employed,  the  white  and 
succulent  stems  of  which  are  large  proportioned  to  their 
leaves,  it  being  only  the  green  parts  of  plants  that  have 
the  power  apparently  of  evolving  oxygen.  Mr  Ellis  has 
since,  however,  obviated  this  objection,  by  employing 
plants  the  shoots  or  stems  of  which  with  the  leaves  are 
entirely  green,  and  has  still  found  the  results  to  be  the 
same. 

He  has  also  justly  observed,  that  it  appears  to  be  esta- 
blished by  the  researches  of  the  greater  number  of  those 
who  have  investigated  this  subject,  that  oxygen  is  given 
cut  by  plants  only  when  they  are  under  direct  exposure  to 
the  solar  rays.  This  is  ascertained  by  the  experiments  of 
Ingenhousz,  Sennebier,  Saussure  and  others,  and  with  re- 
gard to  it  there  appears  to  be  no  doubt.  But  when  not  placed 
in  this  situation,  the  changes  are  reversed  ;  and  not  only  in 
darkness,  or  an  obscure  light,  but  even  in  the  clear  light 
of  day,  there  is  the  consumption  of  oxygen  and  the  forma- 


48  CHEMICAL  PIIYSIOLOGV 

tion  of  carbonic  acid.  This  is  the  uniform  result  of  his 
«wn  experiments  *,  it  is  established  too,  as  has  been  already 
remarked,  (p.  37.),  by  the  experiments  of  Ingenhousz  ; 
and  it  may  likewise  be  inferred  from  the  experiments  of 
Saussure. 

Plants,  therefore,  appear  to  exert  two  opposite  func- 
tions with  regard  to  the  air  applied  to  them,  according  as 
they  are  exposed  or  not  to  the  direct  action  of  the  solar 
rays.  When  exposed  to  them,  they  decompose  carbonic 
acid,  whether  applied  in  its  elastic  form,  or  held  dissolved 
by  water,  and  they  exhale  oxygen  j  when  not  under  this 
immediate  exposure,  though  light  be  still  present,  they 
consume  oxygen,  and  form  carbonic  acid,  which  they 
emit.  The  question,  therefore,  is,  which  of  these  can  be 
regarded  as  the  natural  function  of  the  plant,  or  rather 
which  is  most  essentially  connected  with  its  growth,  and 
the  processes  naturally  connected  with  it.  And  on  this 
point  Mr  Ellis  has  very  justly  remarked,  that  as  so  many 
plants  grow,  and  form  all  their  products  without  being 
directly  exposed  to  the  rays  of  the  sun,  and  as  at  certain 
seasons,  and  in  many  climates,  the  degree  of  this  exposure 
is  so  inconsiderable  compared  with  their  seclusion  from 
it,  we  are  led  to  the  conclusion,  that  it  cannot  be  essen- 
tial to  their  growth,  but  that  the  function  which  they 
more  usually  perform,  must  be  considered  as  that  on 
which  their  vegetation  depends. 

This  conclusion  may  be  just,  yet  the  subject  is  not 
free  from  obscurity  ;  for,  independent  of  the  discor- 
dant experiments,  resting  apparently  on  equal  autho- 
rities, it  must  appear  singular,  that  plants  can,  with- 
out injury,  so  change  the  state  of  the  functions  they 
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exert,  as  at  different  times  to  produce  changes  precise- 
ly the  reverse  of  each  other,  though  extremely  import- 
ant in  themselves  ;  and  farther,  that  they  should  exist  in 
greatest  vigour,  and  form  their  peculiar  products  in  great- 
est'perfection  generally  in  those  climates,  and  universally 
at  that  season  in  which  they  have,  from  situation  with  re- 
gard to  solar  light,  been  exerting  to  the  greatest  extent, 
that  very  function  with  Tegard  to  the  air,  supposed  to  be 
least  natural  to  them,  or  the  reverse  of  that  to  which  their 
economy  is  adapted,  and  which  they  usually  perform.  We 
have  the  farther  dllBculty  if  we  adopt  this  view,  of  ac- 
counting for  the  origin,  (particularly  in  the  case  of  plants 
growing  when  supplied  only  with  water  and  atmospheric 
air),  not  only  of  the  carbon  which  makes  part  of  their 
substance,  but  of  the  much  larger  quantity  which  must 
be  spent  in  this  formation  and  evolution  of  carbonic  acid. 
And,  lastly,  the  experiments  of  Saussure  appear  to  prove, 
that  the  decomposltiort  of  carbonic  acid  by  plants,  instead 
of  being  in  some  measure  an  unnecessary  process,  de- 
pendent on  the  accidental  chemical  agency  of  solar  light, 
is  essential  to  their  growth;  for  he  found,  according  to 
the  experiments  already  referred  to,  (page  42.),  that  if  the 
small  portion  of  carbonic  acid  which  atmospheric  air  na- 
turally contains  were  removed,  by  washing  with  lime  wa- 
ter, the  vegetable  to  which  such  air  was  applied  merely 
expanded,  .without  any  real  addition  of  vegetable  matter, 
while,  when  supplied  with  water  and  with  atmospheric 
air  in  Its  natural  state,  the  proportion  of  vegetable  matter 
increased  with  its  growth,  proving  of  course  that  it  had' 
Used  the  carbon  of  this  carbonic  acid. 
Ir  is  to  be  stated,  as  an  important  fact,  in  concluding 
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this  subject,  that  the  changes  cfFected  by  plants  in  a  state 
of  full  growth  and  vigour  on  the  surrounding  air,  arc 
much  less  than  have  been  imagined,  and  that  when  sup- 
plied merely  with  water,  they  are  so  inconsiderable  as  not 
to  be  very  perceptible.  Thus  Hassenfratz  inclosed  the 
branches  of  growing  plants  in  atmospheric  air,  the  roots 
being  either  in  water  or  in  earth,  the  surface  of  which  was 
covered  with  a  plate  of  tinned  iron  having  an  aperture  in 
it  through  which  the  stem  rose,  and  this  aperture  being 
exactly  closed  with  soft  wax,  so  that  ajar  supported  on  the 
plate  had  its  orifice  surrounded  with  water.  In  both  these 
modes  of  making  the  experiment  he  found,  that  though 
the  plants  grew,  yet  at  the  end  of  a  month  and  a  half  or 
two  months,  the  air  remained  unaltered  in  volume,  and  in 
the  proportion  of  oxygen  *.  A  similar  result,  it  has  been 
already  stated,  has  been  obtained  by  Woodhouse  and 
Saussure.  It  is  probably  principally  from  the  soil  that 
plants  derive  their  nourishment,  and  they  are  unquestion- 
ably much  less  dependent  than  animals  on  the  surrounding 
air.  They  require  also  a  less  supply  of  nutritious  matter, 
as  their  growth  is  much  more  slow,  and  they  lose  less  by  - 
any  excretion.  There  appears  too,  to  be  a  much  greater 
diversity  in  plants  than  in  animals  with  regard  to  their  re- 
lation to  the  air,  some  affecting  it  very  slowly,  others  pro- 
ducing changes  in  it  very  speedily,  and  some  being  injured 
by  one  gas  in  which  others  live  sufficiently  well. 

Vegetables  are  capable  of  being  acted  on  by  the  other 
aerial  fluids,  and  of  acting  on  them  j  though,  with  regard 
to  this,  considerable  diversity  prevails  among  the  experl- 
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ments  of  difFerent  chemists.  According  to  Scheele,  they 
do  not  flourish  in  oxygen  gas,  but  decay  and  die  * :  and 
the  same  conclusion  was  drawn  by  Priestley  from  his  ex- 
periments f .  Ingenhousz,  on  the  contrary,  affirms,  that 
a  plant  confined  in  oxygen  gas,  and  either  exposed  to  the 
light  or  kept  in  a  dark  place,  vegetates  very  well,  and  in 
general  lives  longer  and  is  more  vigorous  than  when  it  is 
inclosed  in  a  similar  quantity  of  atmospheric  air ;  and  it 
lives  still  longer  if  the  carbonic  acid  gas  which  it  generates, 
when  kept  in  darkness,  be  abstracted,  than  if  it  be  allow- 
ed to  remain.  The  presence  of  oxygen  gas,  according  to 
liis  experiments,  enables  it  even  to  resist  better  the  per- 
nicious operation  of  other  aerial  fluids  p  The  results  of 
Saussure's  observations  appear,  on  the  other  hand,  to  agree 
with  those  of  Scheele  and  Priestley  ;  as  he  found  plants  to 
flourish  less  when  kept  in  the  shade  in  pure  oxygen  gas, 
than  in  oxygen  diluted  with  nitrogen  or  hydrogen,  either 
from  the  immediate  action  of  the  oxygen,  or  from  more 
carbonic  acid  being  formed  ||.  There  is  some  reason  to 
believe,  that  in  all  the  experiments  in  which  oxygen  has 
apneared  injurious  to  vegetables,  it  is  from  this  last  cause 
that  this  has  arisen,  and  that  directly  it  is  rather  useful, 
and  is  even  necessary  to  sustain  the  functions  of  plants. 
This  in  particular  appears  from  plants  dying  when  kept  in 
vncuoy  and  likewise  from  the  effects  of  the  other  gases  up- 
on them. 

Priestley  found,  indeed,  that  plants  grow  perfectly  well 

*  Chemical  Observations  and  Experiments,  p.  156. 
f  Experiments  on  Air,  vol.  iv.  p.  326.  ;  vol.  v.  p.  i;3. 
t  E>iperience8  sur  lea  Vegt:taux,  torn.  ii.  p.  10.  15.  21.  76- 
.[[  Rcchcrclies,  p.  92. 
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in  nitrogen  gas,  or  in  air  tiiat  had  been  injured  by  com- 
bustion or  respiration  *  ;  but,  in  opposition  to  this,  Iiigcn- 
Iiousz  affirms,  that  the  gases  which  arc  noxious  to  animal 
life,  nitrogen,  hydrogen,  and  carbonic  acid,  prove  injurious 
likewise  to  vegetables.    When  young  plants  are  confined 
in  any  of  these  gases,  he  found  them  incapable  of  resist- 
ing their  noxious  operation,  either  in  the  shade  or  under 
exposure  to  light  ;  and  even  when  they  have  acquired 
more  vigour,  although  they  resist  it  for  a  few  days  under 
favourable  circumstances,  they  at  length  decay  and  die  f. 
Carbonic  acid  gas  appears,  from  his  experiments,  to  be 
peculiarly  injurious  to  vegetable  life,  especially  if  its  noxi- 
ous quality  be  not  counteracted  by  exposure  to  solar 
light  J.    And  if  a  plant  be  inclosed  in  common  air,  or  in 
oxygen  gas,  and  be  kept  in  a  dark  place,  if  the  carbonic 
acid  it  generates  be  abstracted  at  intervals,  it  grows  better 
than  if  it  be  not  removed  \\.    Priestley  likewise  observed, 
3s  has  been  already  stated,  that  carbonic  acid  gas  is  in- 
jurious to  vegetables  5 ;   and  even  Pcrcival  and  Henry, 
who  contended  for  its  utility,  admitted,  that  it  proved 
hurtful  if  in  its  pure  state,  cr  unmixed  with  oxygen.  Hy- 
drogen gas  Priestley  found  to  be  le^s  injurious  ;  and  by 
some  plants,  as  the  willow,  he  observed  it  to  be  absorbed, 
without  injury,  in  considci-ablc  quantity  §, — an  observa- 
tion confirmed  to  a  certain  extent  by  Ingenhousz,  who 
farther  observed,  that  the  plant,  when  exposed  to  the  solar 


*  Experiments  on  Air,  vol.  iv.  p,  305.  326. 
■f  Experiences  sur  les  Vcgetaux,  torn.  ii.  p.  5. 
i  Ibid.  p.  72.  II  Ibid.  p.  76.  228. 

^  Experiments  on  Air,  vol.  lii.  p.  303. 
§  Ibid.  vol.  iv.  p.  320.  330. ;  vol.  v.  p.  2. 
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light  in  hydrogen  gas,  gives  to  it  oxygen,  so  as  to  render 
it  at  length  capable  of  exploding,  on  the  approach  of  an 
ignited  body  *.  According  to  the  observations  of  Hum- 
boldt and  others,  hydrogen  appears  to  be  even  capable  of 
supplying,  to  a  certain  extent,  the  place  of  light,  and  of 
enabling  plants  to  retain  their  green  colour,  which  they 
otherwise  lose  when  light  is  excluded  f . 

Mr  Davy  some  years  ago  observed,  that  some  plants, 
minianet  for  example,  grow  in  hydrogen  gas,  when  sup- 
plied at  the  same  time  with  water,  absorb  a  portion  of  it, 
and,  when  exposed  to  light,  give  out  oxygen  j  while  others, 
as  foxglove  or  hemlock,  die  in  it  very  quickly.  He  ob- 
served a  similar  difference  with  regard  to  carbonic  acid 
gas  ;  many  vegetables,  when  confined  in  it,  and  exposed 
to  solar  light,  flourished,  part  of  the  carbonic  acid  was  de- 
composed, and  oxygen  evolved  ;  while  others,  especialfy 
aquatic  plants,  die  in  it  in  a  very  short  time:}:. 

Mr  Gough  found,  that  nitrogen  gas  is  injurious  to  grow- 
ing plants.  It  rather  appears,  however,  from  his  experi*- 
ments,  to  have  exerted  no  positively  noxious  power,  but  to 
Iiave  proved  hurtful  only  by  excluding  oxygen  j  as  when 
the  plant  confined  in  it  was  transferred  to  atmospheric  air, 
its  powers  of  vegetation  were  renewed.  lie  concludes 
therefore  with  Ingenhousz,  that  oxygen  is  necessary  to 
sustain  vegetable  life  !|. 

Saussure,  in  his  late  experiments,  has  likewise  directed 

*  Experiences  sur  les  \  egetaux,  toin.  ii.  p.  330.  ;  torn.  i. 
p.  297. 

f  Journal  de  Physique,  torn,  xliii.  p.  393. 
t   5  Beddoes's  Medical  Contributions,  p.  156.  163.  200. 
^  Chemical  Researcbes,  p.  563. 
Nichol8on*s  Journal,  vol.  ix.  p.  217. 
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his  attention  to  the  influence  of  the  different  gases  on  ve- 
getation. Nitrogen  appeared  to  be  incapable  of  sustain- 
ing it  :  the  plant  continued  to  grow  for  a  sliort  time,  in- 
deed, from  the  portion  of  oxygen  which  its  green  parts 
exhale  j  but  plants  not  possessed  of  such  parts,  or  de- 
prived of  them,  were  found  not  to  vegetate  in  nitrogen. 
Some  vegetables,  in  which  the  green  parts  were  abundant, 
flourished  in  it  for  a  considerable  period.  In  darkness, 
plants  confined  in  it  exhaled  carbonic  acid.  The  general 
results,  with  regard  to  vegetation  in  hydrogen  gas  and  in 
carbonic  oxide  gas,  he  found  to  be  nearly  the  same  as  in 
nitrogen  *. 

The  roots  of  vegetables  perform  functions  with  regard  to 
aerial  fluids  different  from  the  leaves.  They  consume  oxy- 
gen, and  form  carbonic  acid  •,  and  they  are  injured,  and  at 
length  decay,  when  confined  in  carbonic  acid,  nitrogen,  or 
hydrogen  gas  f .  The  stems  and  branches  of  plants  con- 
lined  in  atmospheric  air  vitiate  it  either  in  the  shade  or  un- 
der exposure  to  light,  without  changing  its  volume,  as  they 
replace  the  oxygon  tl^ey  consume  by  an  equal  volume  of 
carbonic  acid  gas.  The  green  membranous  tissue  witli 
which  these  parts  are  covered,  counteracts  this  under  ex- 
posure to  liglit,  by  decomposing  part  of  the  carbonic  acid 
which  is  formed  ;  but  the  effect  of  this  is  very  trivial  J. 
The  flovi'crs  of  plants  produce  clianges  on  the  air  similar 
to  those  produced  by  the  roots  and  branches.  They  ap- 
pear to  exhale  also  a  portion  of  nitrogen  gas  in  the  shade  j[. 


*  Rcchcrchfs,  p.  IM. 

t  T.  S::u3surc  Rccherches,  p.  lOl.  109; 

.t  Ibid.  p.  IIG.  ]]  Ibid,  p  126, 
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Secretion  is  a  function  performed  by  vegetables,  and 
subservient  to  the  formation  of  their  several  products. 
Were  the  sap  which  they  absorb,  and  which  is  conveyed 
through  their  vessels,  merely  changed  by  the  function  of 
respiration  and  the  action  of  light,  one  product  only  could 
be  formed  from  it  in  each  plant  but  very  different  pro- 
ducts are  formed  and  deposited  in  different  parts  of  the  ve- 
getable and  the  formation  of  these  must  be  regarded  as 
depending  on  the  action  of  the  vessels,  and  therefore  ae  a- 
rising  from  a  function  analogous  to  secretion  in  animals. 
The  organs  in  which  this  is  performed  are  not  well  deter- 
mined. The  utricles,  or  those  bundles  of  vessels  found  in 
the  stem  and  other  parts,  have  been  considered  as  secreting 
glands  i  but  this  is  not  established  by  any  proof.  The 
secreted  substances  are  probably  designed  to  serve  some 
purpose  in  the  economy  of  the  vegetable,  or  to  protect  it 
from  external  noxious  agents.  ^Phey  constitute  the  chief 
proximate  principles  of  plants. 

After  these  observations  on  the  functions  of  vegetables, 
we  have  to  trace,  as  far  as  can  be  done,  the  operation  of 
those  substances  which  are  received  into  the  vegetable  sys- 
tem, and  those  processes  by  which  these  are  converted  into 
the  varieties  of  vegetable  matter. 

The  seeds  of  vegetables  consist  of  two  essential  parts, — 
•of  the  Germ,  or  small  bud,  the  part  endowed  with  life, 
and  the  rudiment  of  the  future  plant ;  and  of  the  Cotyle- 
dons, or  seed  lobes,  which  are  connected  with  it,  and 
which,  in  the  developemcnt  of  its  powers,  and  the  first 
stage  of  its  growth,  appear  designed  to  afford  to  it  nutritious 
matter.  In  the  germ  two  distinct  parts  are  discoverable, 
— t]\p  radicle,  which  descends  from  the  seed,  forming  the 
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root,  and  the  plumula  forming  the  stem  ;  and  it  is  connect- 
ed with  the  cotyledons  by  slender  vessels,  which  ram'ify 
through  their  substance,  and  which  unite  at  their  connec- 
tion with  the  germ.  When  the  seed  is  planted  in  the 
ground,  or  placed  in  other  situations  favourable  to  its  ve- 
getation, it  absorbs  moisture,  and  swells  j  the  radicle  be- 
gins to  shoot  out,  and,  at  the  same  time,  the  substance  of 
the  seed  lobes  suffers  a  change  in  its  qualities,  the  fecula 
of  which  it  principally  consists  being  converted  into  sugar. 
This  Constitutes  the  vegetable  function  of  germination,  the 
first  stage  of  vegetation,  and,  when  performed  on  certain 
grains  preliminary  to  fermentation,  the  process  of  malting. 
From  its  connection  with  these  processes,  it  has  been  re- 
peatedly examined,  and  the  principal  facts  with  regard  to 
it  have  been  determined. 

It  has  been  ascertained,  that  the  presence  of  oxygen  is 
indispensable  to  germination.  If  seeds  moistened  are  plac- 
ed in  vacuo,  they  do  not  germinate  v  as  was  long  ago  ascer- 
tained by  Boyle,  in  his  experiments  with  the  air-pump. 
If  they  are  confined  in  nitrogen  gas,  hydrogen  gas,  carbo- 
nic acid,  or  nitric  oxide  gas,  or  if  they  are  placed  over 
quicksilver,  germination  does  not  take  place.  When  im- 
mersed in  water  from  which  the  atmospheric  air  is  exclud- 
ed, they  swell,  and  the  radicle  is  formed,  but  vegetation 
makes  no  farther  progress.  And  in  all  these  cases,  if  the 
seed  has  been  moistened,  the  life  of  the  germ  is  soon  lost, 
the  matter  of  the  seed  decomposes  and  becomes  putrid^ 
and  a  portion  of  gas,  consisting  of  carbonic  acid,  with  a 
little  carbonic  oxide  or  carburcifted  hydrogen,  is  disengag- 
ed.   These  facts  have  been  unequivocally  determined,  by 
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the  repeated  experiments  of  Scheele  *,  Achard,  Ingcu- 
houszf,  Goughtj  Cruickshank  ||,  Huber  ^[  and  Ellis  §. 

When  atmospheric  air  or  oxygen  is  admitted  to  th^; 
moistened  seed,  germination  soon  commences,  the  oxygeti 
is  consumed,  and  carbonic  acid  is  farmed,  as  appears  to 
have  been  first  ascertained  by  Scheele,  and  as  has  since 
been  established  by  the  experiments  of  all  those  who  have 
investigated  this  subject.  The  germination  is  even  more 
rapid  in  oxygen  than  in  atmospheric  air,  as  Iluber  ascer- 
tained, both  by  exposing  seeds  moistened  to  oxygen  gas,, 
and  by  placing  them,  in  a  comparative  experiment,  in  com- 
mon water,  and  in  water  impregnated  with  oxygen  |.  It 
was  likewise  found  by  Humboldt,  that  seeds  which  from 
having  been  long  kept  did  not  germinate  when  moistened 
and  exposed  to  atmospheric  air,  began  to  germinate  when 
moistened  with  water  impregnated  with  oxymuriatic  acid, 
which  afforded  oxygen  to  them  in  a  more  condensed  state; 
and  that,  by  the  application  of  the  same  liquid,  the  germi- 
nation of  seeds  in  their  usual  state  was  always  acceierat- 
e-d  I, — facts  which  have  been  confirmed  by  Von  Uslar  )| 


*  Treatise  on  Air  and  Fire,  p.  ]  51,  152. 

f  Journal  de  Physique,  torn,  xxviii.  p.  83. 

Manchester  Memoirs,  vol,  iv.  p.  310- 
11  Rollo  on  Djabetes. 
^  Memoires  sur  la  Germination. 

j  Inquiry  into  the  Changes  effected  in  Almosphcric  Air, 
by  Germination,  Vegetation,  and  Respiration. 
^  Memoires  sur  la  Germination,  p.  19. 
4  Ibid.  p.  141. 

^  Philosophical  Magazine,  vol.  i.  p.  309. 
}l  Observations  on  Plants,  p.  138. 
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and  T.  Saussure  *.  Huber  found,  however,  that  although 
oxygen  gas  accelerates  germination,  it  proves  rather  pre- 
judicial to  the  progress  of  vegetation,  when  the  parts  of 
the  embryo  plant  begin  to  expand ;  and  in  twenty- four 
hours,  it  was  necessary  to  remove  the  oxygen  gas,  as  other- 
wise the  radicles  became  brown  and  decayed  f .  'l  lic  pre- 
sence of  a  little  carbonic  acid  gas  with  the  oxygen  gas,  he 
found  rather  useful,  probably  by  diluting  it;  for  in  atmos- 
pheric air,  the  progress  of  germination  is  rather  favoured 
if  the  carbonic  acid  be  withdrawn  as  it  is  formed,  as  Saus- 
sure  found  ;  and  a  large  proportion  of  it  was  found  by 
Huber  to  be  hurtful,  even  when  oxygen  was  present  %. 

Scheele  observed,  that  during  germination,  the  volume 
of  the  air  is  not  sensibly  altered,  or  the  oxygen  gas  con- 
sumed is  replaced  by  an  equal  volume  of  carbonic  acid  gas, 
— a  fact  which  was  afterwards  ascertained  with  precision 
by  Cruickshank.  It  has  also  been  established  by  Saussure. 
Mr  Ellis,  in  making  the  experiment,  obtained  a  result  very 
nearly  corresponding  with  that  obtained  by  Cruickshank  ; 
the  volume  of  carbonic  acid  gas  produced  being  nearly  e- 
qual  to  that  of  oxygen  gas  consumed  :  a  small  diminution 
was  perceived,  not  exceeding  one-tenth  of  the  volume  of 
oxygen  consumed,  and  not  greater,  therefore,  than  what 
he  supposes  might  be  ascribed  to  the  slight  condensation 
oxygen  experiences  in  its  combination  with  carbon  ||. 

The  fact,  then,  established  by  these  experiments,  that 
the  quantity  of  carbonic  acid  gas  produced  in  germination 

*  Recherches,  &c.  p.  4;. 

f  Memoires  sur  la  Germination,  p.  20. 

i  Ibid.  p.  55.  75.  78. 

H  Inquiry,  5cc.  p.  9.  Stc. 
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corresponds  with  the  quantity  of  oxygen  gas  which  is  con- 
sumed, leads  to  the  conclusion,  that  in  this  process  no  part 
of  the  oxygen  which  disappears  is  absorbed  by  the  matter 
of  the  seed,  or  enters  into  combination  with  any  of  its  prin- 
ciples, but  that  it  merely  abstracts  carbonaceous  matter,  so 
as  to  be  converted  into  carbonic  acid. 

Some  chemists,  however,  have  been  disposed  to  con- 
clude, not  only  that  carbon  is  abstracted  from  the  seed  in 
germination,  but  that  a  portion  of  oxygen  enters  into  com- 
bination  with  its  remaining  elements,  so  as  to  form  the  sac- 
charine matter  which  is  the  product  of  that  process.  Thus, 
Mr  Cruickshank,  from  considering  that  carbonic  acid  is 
evolved  from  moistened  seeds  when  oxygen  is  not  present, 
as  when  they  are  placed  in  nitrogen  gas, — a  fact  ascertain- 
ed by  his  own  experiments,  and  since  by  those  of  Huber  *, 
— supposed,  that  the  formation  of  this  acid  is  owing  to  the 
decomposition  of  the  water,  the  oxygen  of  which  combines 
with  carbon  from  the  seed  ;  that  therefore,  in  germination, 
the  same  changes  will  happen-,  and  that  the  quantity  of  oxy- 
gen which  disappears  is  in  part  absorbed,  and  enters,  with 
perhaps  a  proportion  of  hydrogen  from  the  water,  into  the 
composition  of  the  saccharine  matter  formed  in  this  process. 
This  reasoning,  however,  is  not  very  conclusive;  for  admit- 
ting that  water  is  decomposed  by  humid  seeds,  when  oxy- 
gen is  excluded,  it  does  not  follow,  that  this  will  happen 
when  oxygen  is  present,  and  exerting  its  chemical  afFinities. 

That  in  germination  the  matter  of  the  seed  npt  only 


*  M-'moires,  &c.  p.  170.  115.  He  farther  ascertained,  that 
when  seeds  are  placed  in  hydrogen  gas,  a  portion  of  c^rbur'.*c- 
Jed  hydrogen  is  formed. 
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suffers  an  abstraction  of  carbon,  but  receives  an  accession 
of  oxygen,  may,  however,  be  inferred  with  some  probabi- 
lity from  the  chemical  composition  of  sugar,  the  substance 
which  is  formed  during  this  process.  It  contains  a  large 
proportion  of  oxygen,  not  less,  according  to  Lavoisier's  es- 
timate, than  64-  In  100  parts  ;  and  this  large  proportion 
can  scarcely  be  supposed  to  arise  merely  from  the  increase 
in  the  relative  quantity  of  this  principle,  from  the  abstrac- 
taon  of  part  of  the  carbon  of  the  fecula  of  the  seed. 

The  question,  whether,  besides  the  abstraction  of  car- 
bon which  takes  place  in  germination,  there  is  an  addition 
of  oxygen  to  the  matter  of  the  seed,  might  be  determined, 
by  ascertaining  whether  seeds  which  have  germinated  lose 
weight,  and  whether  this  loss  is  exactly  equal  to  the  quan- 
tity of  carbon  which  has  been  abstracted,  estimating  this 
from  the  quantity  of  carbonic  acid  produced.    The  deter- 
mination of  this,  however,  is  difficult ;  for,  during  germi- 
nation, seeds  always  exhale  part  of  the  water  with  which 
they  have  been  moistened  ;  and  it  is  difficult  to  estimate 
the  loss  of  weight  they  sustain  from  this  cause,  and  which 
must  modify  what  they  may  lose  or  gain  from  the  other 
chemical  changes  connected  with  the  process.  Saussure 
states,  that  a  seed,  brought  after  germination  to  the  same 
state  of  dryness  as  before  that  process,  not  only  always 
weighed  less,  but  the  diminution  of  weight  was  even  great- 
er than  could  be  accounted  for  by  the  carbon  abstracted 
during  the  germination,  and  the  small  quantity  of  mucil- 
age that  might  be  dissolved  by  the  water  in  which  the  seeds 
had  been  macerated.    Thus,  he  placed  -a  number  of  peas, 
weighing  200  grains,  over  mercury,  with  five  times  their 
weight  of  distilled  water,  in  a  jar  filled  with  atmospheric 
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air.  They  germinated  ;  and,  at  the  end  of  two  days,  4^ 
cubic  inches  of  carbonic  acid  were  fornned,i:ontaining,  ac- 
cording to  Lavoisier's  estimate  of  the  composition  of  car- 
bonic acid,  0.85  grains  of  carbon  ;  the  water  in  which  they 
had  germinated  had  dissolved  a  little  extractive  or  mucil- 
aginous matter,  which  by  evaporation  was  found  to  amount 
to  0.75  grains.  The  seeds,  in  drying,  still  continued  to 
form  carbonic  acid,  in  quantity  rather  less,  as  appeared  to 
Saussure,  than  what  was  formed  at  the  same  temperature, 
and  during  the  same  time,  in  germination.  Assuming  it, 
however,  to  be  the  same,  the  seeds  having  required  two 
days  to  dry,  it  followed,  that  in  that  time  they  must  have 
formed  other  4-^  cubic  inches  of  carbonic  acid,  or  lost  0.85 
grains  of  carbon.  The  total  loss,  therefore,  by  abstraction 
of  carbon  and  mucilage  from  the  seed,  amounted  to  2.45 
grains  ;  and  when  brought,  after  the  germination,  to  their 
original  state  of  dryness,  they  ought  just  to  have  been  this 
much  less  in  weight,  or  have  weighed  197.5  grains,  had 
the  change  they  suffered  consisted  merely  in  the  abstrac- 
tion of  carbon  while,  had  they  received  oxygen  from  the 
water,  the  loss  must  have  been  less,  or  there  might  have 
even  been,  on  the  whole,  an  increase  of  weight.  Saussure 
found,  however,  that  they  weighed  only  189  grains,  or  1 1 
grains  less  than  they  did  in  their  original  state  *.  Now, 
this  result  renders  the  whole  experiment  doubtful ;  for 
since  the  loss  of  weight  amounts  to  8.5  grains  more  than 
what  can  be  accounted  for  by  the  quantity  of  matter  as- 
certained to  have  been  abstracted,  it  proves,  either  that 
■the  experiment  had  been  inaccurate,  or  that  a  quantity  of 


*  Rcchetche?,  p.  16. 
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water  had  been  dissipated,  and  that  the  seeds  had  not  re- 
tained the  same  quantity  after  germination  which  they  had 
contained  before.  Saussure  supposes,  that,  during  the 
drying,  part  of  the  oxygen  and  hydrogen  of  the  seed  had 
combined  to  form  water,  which  had  exhaled.  Whether 
this  be  admitted  or  not,  the  result  is  such,  that  no  certain 
conclusion  can  be  drawn  from  it. 

The  experiment,  to  determine,  whether  seeds  lose  weight 
by  germination,  had  been  before  made  by  Mr  Gough,  in 
a  manner  less  liable  to  fallacy.  He  placed  7  drachms  23 
grains  of  steeped  peas  in  a  phial,  the  mouth  of  which  was 
covered  with  a  piece  of  clean  glass.  Intended  to  condense 
the  vapour  that  might  arise  from  them,  while  the  free  ac- 
cess of  air  was  not  prevented  :  at  the  end  of  one  hundred 
and  twenty  hours,  the  peas  were  found  to  be  vegetating 
freely  j  and  on  weighing  the  whole,  and  making  the  ne- 
cessary deductions  for  the  bottle  and  glass,  they  were  ex- 
actly their  original  weight  *.  It  can  scarcely  be  imagined, 
that,  in  this  mode  of  making  the  experiment,  the  carbonic 
acid  into  which  the  oxygen  of  the  air  would  be  converted 
by  germination,  would  remain  in  the  phial :  it  must  have 
been  gradually  removed,  and  its  place  supplied  by  atmo- 
splieric  air  j  and  hence  the  experiment  appears  to  establish, 
as  Mr  Gough  stated,  that  the  germination  of  seeds  is  at- 
tended with  little,  if  any,  diminution  of  weight.  It  might 
even  warrant  the  conclusion,  that  there  is  an  actual  in- 
crease of  weight ;  for,  in  this  imperfect  method  of  closing 
the  phial,  a  portion  of  the  watery  vapour  exhaled  by  the 
germinating  seed  must  have  escaped. 

*  Manchester  Memoirs,  vol.  iv.  p.  316. 
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Mr  Gough  observed,  that  when,  in  the  course  of  the  ex- 
periment, he  withdrew  the  air  frequently  from  the  phial,  by 
inspiring  it  through  a  syphon,  there  was  a  considerable  di- 
minution of  weight,  not  less  than  2  drachms  5  grains  when 
1  ounce  3  drachms  of  steeped  barley  were  operated  on  ; 
owing,  probably,  as  he  remarks,  to  the  watery  vapour  ari- 
sing from  the  germinating  seeds  having  been  withdrawn. 

The  subject  requires  farther  investigation  j  or  it  is  still 
somewhat  uncertain,  whether,  in  germination,  besides 
the  abstraction  of  carbon  by  the  action  of  the  oxygen  of 
the  air,  there  is  a  decomposition  of  a  portion  of  the  wa- 
ter, and  an  addition,  from  this  decomposition,  6f  oxygen 
and  hydrogen  to  the  matter  of  the  seed. 

To  favour  the  chemical  changes  which  constitute  this 
process,  certain  circumstances  are  necessary.  A  due  de- 
gree of  humidity  is  essential,  seeds  which  are  dry  not  ger- 
minating. It  probably  operates,  by  favouring  the  conden- 
sation of  the  oxygen,  and  its  approximation  to  the  matter 
of  the  seed.  Though  the  dry  seed  may  be  pervious  to 
any  elastic  fluid,  the  elasticity  of  the  oxygen  in  its  aerial 
form  will  counteract  the  affinity  it  would  exert  to  the  car- 
bon ;  but  when  the  seed  is  moistened,  the  water  expand- 
ing the  dry  substance,  and  condensing  a  minute  propor- 
tion of  the  oxygen,  will  approximate  it  to  the  matter  of  the 
seed,  and  thus  favour  its  combination  with  the  principle 
to  which  it  exerts  the  most  powerful  affinity  ;  while  the 
carbonic  acid  formed  from  this  combination  will  assume 
the  elastic  form.  We  accordingly  find,  that  in  every  case, 
the  action  of  oxygen  on  vegetable  matter  is  favoured  by 
that  matter  being  in  a  humid  state.  Some  chemists  have 
considered  the  evolution  of  the  carbon  as  the  first  action 
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that  take?  place  in  germination,  and  that  its  combination 
with  the  oxygen  gas  is  posterior  to  this  evolution,  and  is 
not,  therefore,  strictly  essential  to  germination,  but  is 
rather  a  consequence  of  it.  For  this  opinion  there  seems 
to  be  no  grounds  :  the  action  of  the  oxygen  appears  to  be 
the  efficient  cause  of  the  abstraction  of  the  carbon  ;  the 
chemical  affinity  between  them  causing  their  combination, 
leaving  the  other  elements  in  that  proportion  and  condition 
which  produce  saccharine  matter,  while  the  circumstances 
which  favour  these  combinations,  particularly  heat  and 
moisture,  equally  favour  the  evolution  of  the  germ. 

A  certain  temperature  is  essential  to  germination.  If  It 
be  below  the  freezing  point  of  water,  no  seeds  vegetate  ; 
and  the  greater  number  require  a  temperature  considerably 
bigljer.  This  is  conspicuous  in  the  germination  of  seeds 
commencing  and  proceeding  with  rapidity,  when  the  genial 
temperature  of  the  spring  succeeds  the  winter's  cold  ;  and 
likewise  in  the  seeds  of  many  plants  not  germinating  in 
cold,  as  they  do  in  warm  climates.  The  heat  probably 
both  excites  the  vital  powers  of  the  germ,  and  favours  the 
chemical  changes  of  the  seed. 

Light,  too,  has  an  important  Influence  in  germination, 
not,  however,  in  forwarding,  but  rather  in  retarding  it. 
It  has  been  long  known,  that  in  the  process  of  malting, 
which  is  nothing  more  than  germinatiou  conducted  with 
a  particular  view,  the  admibsion  of  light  is  hurtful ;  and 
hence  it  is  always  conducted  in  darkened  apartments  :  and 
it  has  been  repeatedly  asi^ertained,  by  direct  experiment, 
that  germination  is  impeded  by  light.  Ingeuhousz  remark- 
ed, that  seeds  exposed  to  the  solar  light  either  do  not  ger- 
minate, but  die,  or,  if  they  germinate,  tKe  plants  are  ex- 
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tremely  weak  *.  It  has  been  imagined,  that  the  light  o- 
perates  merely  from  the  temperature  it  excites  dissipating 
the  moisture  ;  but  any  effect  of  this  kind,  except  from  the 
direct  action  of  the  solar  rays,  must  be  trivial.  As  light, 
by  its  chemical  agency,  is  always  an  antagonist  to  the  com- 
bination of  oxygen,  and  as  this  combination,  with  the  car* 
bon  of  the  seed,  is  necessary  to  germination,  it  is  probably 
to  this  operation  that  the  influence  it  has  on  the  process 
is  to  be  ascribed. 

By  the  chemical  changes  which  occur  in  germination,  the 
fecula  of  the  seed  is  converted  into  saccharine  matter.  Its 
taste  becomes  quite  sweet  i  and  it  affords  a  portion  of 
sugar,  on  maceration  in  water.    This  saccharine  matter 
appears  to  serve  as  nourishment  to  the  infant  plant ;  for, 
being  soluble  in  water,  which  the  fecula  is  not,  it  is  capa- 
ble, in  this  state  of  solution,  of  being  absorbed  by  the  ves- 
sels of  the  radicle,  which  begin  now  to  expand,  and  which 
ramify  through  the  substance  of  the  seed  ;  and  thus,  in 
the  first  stage  of  its  growth,  the  plant  has  a  supply  of  nu- 
tritious matter,  independent  of  any  external  source.  Mr 
Gough,  who  stated  this  view  of  the  operation  of  germina- 
tion in  contributing  to  the  growth  of  the  plant,  observes, 
that  it  is  confirmed  by  some  experiments  made  by  Mal- 
phigi,  in  which,  when  the  germs  of  seeds  were  abstracted 
from  the  seed  lobes,  and  planted  in  the  earth,  very  few  of 
them  grew,  and  those  that  did,  grew  very  imperfectly. 
This  experiment  was  also  performed  by  Bonnet.  The 
seed  having  been  previously  softened,  by  being  kept  humid 


*  J  Journal  de  Physique,  t.  xxviii.  p.  90. 
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for  a  few  days,  he  cut  the  two  bundles  of  fibres  which 
connect  the  germ  with  the  seed-lobes  ;  he  planted  the 
germ  in  a  quantity  of  garden  earth,  which  was  frequently 
supplied  with  water  :  they  emitted  the  radicle,  and  even 
;  at  length  the  leaves  ;  but  the  plants  were  so  diminutive, 
that  they  could  scarcely  have  been  recognised,  and  they 
soon  died  *• 

From  the  nature  of  the  changes  which  thus  proceed  in 
germination,  and  which  are  absolutely  indispensable,  as 
preliminary  to  vegetation,  we  can  assign  the  theory  of 
those  operations  on  the  soil  which  constitute  some  of  the 
principal  practices  of  agriculture.  When  the  ground  is 
ploughed,  its  cohesion  is  broken  ;  it  is  divided  into  loose 
particles  ;  and  hence,  when  the  seed  is  sown,  it  is  placed 
in  the  most  favourable  situation  for  vegetation  :  it  is  sup- 
plied with  moisture,  without  being  immersed  in  water  :  its 
temperature  is  in  some  measure  kept  uniform  :  the  opera- 
tion of  light  is  at  least  partially  excluded  ;  and  from  the 
looseness,  of  the  earth  that  covers  it,  the  atmospheric  air 
finds  ready  access  to  it,  and  thus  promotes  the  germina- 
tion and  commencing  vegetation.  When  the  fibres  of  the 
root  expand,  they  meet  with  little  resistance,  and  are  equal- 
ly supplied  with  water  and  air. 

When  germination  has  been  accomplished,  and  a  source 
of  nutritious  matter  supplied,  capable  of  being  absorbed 
by  the  embryo  plant,  its  structure  begins  to  be  developed, 
and  its  living  functions  to  commence.  The  radicle  first 
extends,  penetrates  the  soil,  and  increases  in  length  ;  not, 
however,  by  the  mere  extension  of  its  fibres  and  vessels, 


*  Bonnet  sur  TUsage  des  Feuilles,  p.  239. 
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but  by  new  parts  added  to  its  apex,  the  nutritious  fluid 
from  the  cotyledons  being  conveyed  to  the  radicle^  and 
forming  these  parts.  In  a  short  time,  the  part  of  the  germ 
named  the  plumula  likewise  extends,  and  rises  from  the 
ground  to  form  the  stem ;  and  these  directions  of  these 
parts  take  place  in  whatever  position  the  seed  has  been 
placed.  Tlie  different  parts  are  now  successively  unfold- 
ed, according  to  the  nature  and  structure  of  the  plant. 

Its  nourishment,  after  this  first  stage  of  its  growth,  is  to 
be  derived  from  without.  This  nutritious  matter  is  re- 
ceived principally  from  the  soil  and  from  the  surrounding 
air  i  and  the  first  object  of  inquiry  in  the  investigation  of 
the  theory  of  vegetation,  is  the  relation  subsisting  between 
these  and  the  growing  plant. 

By  far  the  greater  number  of  vegetables  arise  from  the 
earth,  and  receive  from  it  a  large  share  of  their  nourish- 
ment. It  was  at  one  time  very  generally  imagined,  that 
the  soil  itself  afforded  them  the  principal  nourishment : 
it  contained,  according  to  the  received  opinion,  certain 
salts,  oils,  and  earths  :  these,  it  was  supposed,  were  absorb- 
ed, and  formed  the  principal  part  of  the  vegetable  matter. 

There  were  always,  however,  some  objections  to  this 
theory,  and  some  facts  known,  particularly  relating  to  the 
influence  of  water  in  promoting  vegetation,  which  led  to 
a  different  view.  And  when  chemistry  had  advanced  so 
far  as  to  accomplish  the  vegetable  analysis  with  some  de- 
gree of  accuracy,  it  was  discovered,  that  the  solid  sub- 
stance of  plants,  as  well  as  their  various  products,  are  com- 
posed of  principles  very  different  from  those  contained  in 
the  soil.  -  . 

It  was  sufficiently  known,  that  many  vegetables  flourish 
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and  increase  in  bulk  wlien  supplied  with  water  alone  j 
and  it  had  likewise  been  often  ascertained,  that  if  a  plant 
be  made  to  grow  in  a  known  quantity  of  earth,  the  earth 
after  a  certain  period,  during  which  the  plant  may  have 
increased  greatly  in  bulk,  is  found  to  have  lost  little  of  its 
weight.  The  celebrated  experiment  by  Van  Helmont, 
appears  sufficiently  to  establish  this  fact.  He  planted  a 
willow  weighing  5  libs,  in  an  earthen  vessel  filled  with 
dried  earth,  which  had  been  carefully  weighed.  The  pot 
was  sunk  in  the  earth,  covered  with  a  plate  of  lead,  and 
rain-water  was  occasionally  conveyed  to  it  through  a  tube 
of  lead,  which  passed  through  the  cover.  At  the  end  of 
five  years,  on  removing  the  tree,  it  weighed  169  libs., 
while  the  earth  in  which  it  had  been  planted,  on  being 
dried  and  weighed,  was  found  to  have  lost  only  2  ounces 
of  its  original  weight.  A  similar  experiment  was  made 
by  Mr  Boyle.  The  seed  of  a  gourd  was  put  into  earth  in 
a  pot,  and  supplied  with  water  ;  the  plant  which  grew 
from  it,  in  the  course  of  a  few  months,  weighed  2^  libs., 
yet  the  earth  had  not  lost  sensibly  in  weight  *.  These 
experiments  have  been  repeated  and  diversified  by  modern 
chemists.  Duhamel  caused  plants  to  grow,  by  supplying 
them  merely  with  water,  and  they  flourished  sufficiently 
well  f.  Tillet  found,  that  wheat  and  other  grains  grew 
in  river  sand,  in  pounded  quartz,  or  in  mixtures  of  silex, 
argil,  and  lime:  they  produced  seeds,  which  sown  again 
produced  new  plants,  and  this  for  three  successive  years  i, 


*  Boyle's  Works,  vol.  i.  p.  4^94),  495. 

•j-  Mcmoires  de  I'Acad.  des  Sciences,  1748, 
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Bonnet  found,  that  plants  supported  on  moss,  cotton,  or 
paper,  grew  when  supplied  with  pure  water,  and  produced 
flowers  and  fruit  equal  to  what  they  produced  when  grow- 
ing in  the  soil.  Mr  HofFnian  inclosed  sprigs  of  the  Men- 
tha crispa  in  phials  filled  with  distilled  water,  securing  the 
mouths  of  the  phials  by  a  cement  of  wax.  The  sprigs  in 
this  situation  continued  to  grow,  new  roots  and  branches 
were  formed,  until  the  whole  of  the  water  had  passed 
through  the  plants ;  and  on  weighing  them  they  were 
found  to  have  gained  considerably  in  weight  *.  Boyle  had 
before  made  this  experiment,  and  had  found,  that  in  less 
than  a  month  a  sprig  of  mint  growing  in  distilled  rain- 
water, increased  to  nearly  four  times  its  original  weight  f . 
Braconnot  has  more  lately  made  a  series  of  similar  expe- 
riments, and  found,  that  plants  grow  perfectly  well  when 
their  seeds  are  sown  in  litharge,  in  sulphur,  and  in  washed 
sand,  on  being  supplied  merely  with  water  and  atmosphe- 
ric air  :}:. 

It  has  also  been  justly  observed,  that  parasitic  plants,  and 
those  which  are  attached  to  stones  and  rocks,  can  derive 
none  of  their  nourishment  but  from  water  and  air. 

These  facts  appear  to  authorise  the  conclusion,  that  air 
and  water  furnish  the  principal  part  of  the  food  of  vege- 
tables, and  that  many  can  live  and  grow  on  these  alone. 

Previous  to  the  discovery  of  the  composition  of  water? 
it  was  difficult  to  conceive  how  it  could  be  converted  in- 
to the  soHd  matter  of  plants.   Much  of  that  matter  indeed, 


*  Von  Uslar  on.  Plants,  p.  100. 
f  Boyle's  Works,  vol.  i.  p.  621. 
X  Nicholson's  Journal,  Vvol.  xviii.  p.  IT- 
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as  well  as  of  the  various  vegetable  products,  consists  of 
water  ;  but  it  contains  also  other  elements  with  which 
this  water  is  combined,  and  which  must  even  bear  a  cer- 
tain proportion  to  it.  The  discovery  of  the  composition 
of  water  in  a  great  measure  solved  these  difficulties  •,  for 
as  oxygen  and  hydrogen  are  the  principal  constituent  ele- 
ments of  vegetable  matter,  it  was  obvious,  that  they  might 
be  derived  from  this  source. 

That  water  is  decomposed  in  the  process  of  vegetation, 
appears  to  follow  from  the  fact  already  stated,  as  establish- 
ed by  the  experiments  of  Ingenhousz  and  others,  that  when 
the  leaves  of  vegetables  are  exposed  to  light,  in  contact 
with  pure  water  only,  they  afford  oxygen  gas,  and  that  this 
is  connected  with  the  action  of  the  vessels  of  the  leaf.  It 
has  appeared  indeed,  from  the  researches  of  Sennebier  and 
iVoodhouse,  that  the  production  of  oxygen  in  this  experi- 
ment, is  considerably  dependent  on  the  quantity  of  carbo- 
nic acid  contain^  in  the  water,  or  that  at  least  by  increa- 
sing the  quantity  of  this  acid  a  larger  quantity  of  oxygen 
is  evolved.  It  cannot,  however,  depend  solely  on  this  j  on 
the  contrary,  the  water  itself  undoubtedly  suffers  decom- 
position, and  is  the  source,  in  part  at  least,  of  the  oxygen. 
This  is  evident  from  the  fact,  that  the  portion  of  carbonic 
acid  in  common  wat«pr  is  so  inconsiderable  as  not  to  be  ap- 
preciable yet  leaves  exposed,  immersed  in  such  water,  to 
solar  light,  afford  oxygen.  Ingenheusz  found  also,  that 
though  in  boiled  or  distilled  water  the  quantity  emitted  was 
less  than  in  spring  water,  yet  still  a  certain  portion  was  e- 
volved  ;  and  the  apparent  difference  in  the  proportion  was 
in  part  owing  to  the  boiled  water  absorbing  a  portion  of 
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the  air  emitted  *.  This  air  was  also  purer  oxygen  than 
the  air  from  spring  water,  and  this  has  been  also  very  clear- 
ly established  by  an  experiment  made  by  Mr  Davy.  He 
filled  a  glass  cylinder  of  the  capacity  of  ten  cubic  inches, 
wltlf  mercury.  Two  small  vine  leaves  were  introduced 
through  the  mercury,  so  as  to  detach  all  atmospheric  air 
from  them.  The  mercurial  apparatus  was  inserted  in  a 
vessel  of  cold  water.  Aqueous  vapour  was  passed  from  a 
vessel  containing  water  which  had  been  long  in  ebullition, 
through  a  tube  into  the  cylinder,  where  it  was  condensed 
by  the  cold  mercury,  and  thus  the  cylinder  was  filled  with 
water  which  held  no  air  in  solution.  It  was  then  exposed 
to  light.  In  a  very  short  time  air  globules  began  to  form 
on  the  leaves,  and  in  about  six  hours  two  cubic  inches  and 
a  half  were  collected,  which  proved  to  be  nearly  pure  oxy- 
gen f.  In  this  experiment,  it  is  evident,  that  the  oxygen 
could  have  been  derived  only  from  the  decomposition  of 
the  water  •,  and  the  results  of  these  experiments,  added  to 
the  consideration,  that,  from  no  other  Source  than  from  the 
decomposition  of  water,  can  the  origin  of  the  hydrogen 
contained  in  plants  which  grow  when  supplied  with  water 
and  air  alone,  be  derived,  afford  sufficient  proof,  that  wa- 
ter is  decomposed  in  the  process  of  vegetation. 

A  due  supply  of  air  appears  to  be  equally  necessary  to 
the  growth  of  plants  ;  but  its  agency  in  promoting  the  pro- 
cess is  not  equally  obvious.  It  has  generally  been  beKeved, 
however,  to  operate  principally  by  affording  carbonic  acid, 
which  the  vegetable  absorbs,  and  the  decomposition  of 


*  Philosophical  Transactions,  vol.  Ixxii.  p.  42G. 
f  Beddoes's  Medical  Contributions,  p.  159. 
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which  is  the  source  of  the  carbon  of  vegetable  matter  and 
indeed,  in  plants  which  grow  when  supplied  only  with  air 
and  water,  there  is  no  other  obvious  source  whence  the 
carbon  of  their  products  can  be  derived.    It  has  accord- 
ingly been  supposed  to  be  established  by  direct  proof ;  a 
number  of  experiments  already  related,  having  been  made 
by  Sennebier,  Saussure  and  others,  in  which  it  was  found, 
that  in  an  atmosphere  composed  partly  of  carbonic  acid, 
the  leaves  of  plants  absorb  and  decompose  a  portion  of  it. 
Saussure  too  found,  that  plants  growing  in  pure  water, 
and  in  atmospheric  air  not  deprived  of  the  small  portion  of 
carbonic  acid  which  it  naturally  contains,  increase  their 
quantity  of  carbon,  which  they  do  not  do  if  the  carbonic 
acid  has  been  previously  abstracted,  as  has  been  already 
stated.  All  this,  however,  is  rendered  doubtful,  by  the  un- 
certainty of  our  knowledge  of  the  real  changes  which  plants 
produce  in  the  atmosphere ;  for  if,  (unless  when  exposed 
to  solar  light,)  they  consume  oxygen  and  exhale  carbonic 
sicid,  this  view  carOot  be  adopted  j  and  we  have  even,  as 
has  been  already  remarked,  the  additional  difficulty  of  ac- 
counting for  the  source  of  the  carbon  contained  in  the  car- 
bonic acid  they  expire. 

The  influence  of  the  other  constituent  principles  of  the 
atmospheric  air  in  promoting  natural  vegetation,  is  less 
clearly  established.  That  of  the  nitrogen  of  the  atmosphere 
appears  to  be  negative  j  that  of  the  oxygen  from  the  pre- 
ceding statement,  it  must  be  obvious,  is  more  doubtful, 
and  must  remain  so  until  it  be  determined  which  is  the  na- 
tural function  of  vegetables  coflnected  with  their  growth,  

whether  the  consumption  of  oxygen  and  formation  of  car- 
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bonic  acid,  or  the  decomposition  of  carbonic  acid  and  evo- 
lution of  oxygen. 

Whichever  of  these  changes  is  produced  by  the  leaves 
of  plants,  it  appears,  however,  to  be  established,  that  the 
oxygen  of  the  air  is  absorbed  by  the  roots.  Experiments 
have  been  stated,  which  prove,  that  plants  grow  more  vi- 
gorously when  supplied  with  water  impregnated  with  oxy- 
gen, than  when  common  water  is  used  *  i  and  the  ferti- 
lizing influence  of  dew  has  been  ascribed  to  the  saturatioo 
of  the  water  with  the  oxygen  of  the  air  through  which  it  has 
slowly  descended.  T.  Saussure  found,  that  when  the  roots 
of  plants  were  exposed  to  carbonic  acid  gas,  to  nitrogen, 
or  hydrogen  gas,  they  died  in  thirteen  or  fourteen  days, 
while,  when  exposed  to  atmospheric  air,  they  continued 
to  flourish.  He  found  also,  that  they  consume  the  oxygen 
of  the  air  in  a  quantity  equal  to  their  own  volume,  and 
form  carbonic  acid.  When  the  roots  of  the  vegetable  were 
not  detached,  but  remained  in  connection  with  the  stem 
and  branches  which  were  placed  without  the  jar  in  which 
the  roots  were  confined  with  atmospheric  air,  they  absorb- 
ed many  times  their  volume  of  oxygen  gas,  which  appear- 
ed to  be  conveyed  through  the  plant,  and  delivered  by  the 
leaves  to  the  external  air.  Saussure  concludes,  that  the 
contact  of  oxygen  with  the  roots,  is  useful  to  vegetation. 
Hence  many  plants  require  a  loose  soil,  and  are  more  vi- 
gorous when  their  roots  are  not  covered  with  too  much 
earth  f .    But  whether  the  advantage  derived  from  oxygen 
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vol.  i.  p.  109.  224. 

t  Recherches,  p.  104.  109.  111. 


7-1  CHEMICAL  PHYSIOLOGY 

thus  applied,  is  from  the  stimulus  it  communicates  to  the 
vessels  of  the  plant,  or  from  its  chemical  agency,  is  uncer- 
tain. 

From  the  facts  that  have  been  stated,  it  appears,  that 
air  and  water  probably  furnish  the  largest  portion  of  the 
food  of  plants,  since  so  many  grow  when  supplied  with 
these  alone. 

In  the  changes  which  they  suffer,  however,  in  the  ves- 
sels of  vegetables,  another  agent  is  concerned,  and  appears 
indispensable.  This  is  light.  When  it  is  excluded,  plants 
become  pale  and  feeble,  and  their  usual  products  are  no 
longer  formed.  It  is  not  by  the  heat  which  light  excites 
that  it  is  favourable  to  vegetation,  for  the  same  effects  are 
not  obtained  when  heat  is  applied  without  the  admission 
of  light.  It  may  operate  partly  by  acting  as  a  stimulant  in 
relation  to  the  irritability  of  the  vegetable,  and  thus  exci- 
ting its  vessels  to  increased  action  ;  but  this  cannot  be  its 
able  operation,  as  the  substitution  of  other  powerful  sti- 
mulants ought,  for  a  time  at  least,  and  to  a  certain  extent, 
to  be  productive  of  the  same  phenomena,  which  is  not  the 
case.  It  must  therefore  in  part  operate  as  a  chemical 
power,  and  this  chemical  agency  appears  to  be  exerted  in 
promoting  the  decomposition  of  carbonic  acid,  and  the  e- 
volution  of  oxygen.  How  far,  however,  this  is  connected 
with  the  process  of  vegetation,  must  remain  uncertain,  un- 
til it  be  determined,  whether  these  changes,  or  the  oppo- 
site ones  of  the  consumption  of  oxygen  and  formation  o£ 
carbonic  acid,  are  those  on  which  the  formation  of  vege- 
table matter  and  the  growth  of  the  plant  depend.  The 
action  of  light  is  exerted  principally  on  the  sap  circulating 
in  tlic  leaves  of  plants ;  and  when  vegetables  which  have 
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been,  blanched  by  seclusion  from  light  arc  again  exposed 
to  it,  the  green  coloUr  appears  first  towards  the  margin 
of  the  leaf.  It  is  in  the  leaf,  therefore,  that  the  principal 
chemical  changes,  from  which  the  formation  of  vegetable 
matter  arises,  takes  place.  It  is  well  adapted,  by  its  posi- 
tion, to  admit  of  the  agency  of  light ;  and  its  structure  is 
probably  sufficiently  porous  to  admit  of  the  passage  of  those 
aerial  fluids,  which  it  either  absorbs  from  the  atmosphere, 
or  evolves  as  the  result  of  the  decompositions  wh|ich  hap- 
pen in  the  fluid  circulating  through  its  minute  vessels. 

Vegetation  is  presented  to  us  under  the  simplest  point 
of  view,  when  it  is  thus  considered  as  connected  solely 
with  changes  efi'ected  by  the  powers  of  the  plant,  aided  by 
the  chemical  action  of  light  in  the  water  and  air  supplied 
to  it.  But  it  has  been  doubted,  whether  this  view  is  just. 
Many  chemists  have  called  in  question  the  conclusion, 
that  vegetables  grow  when  supplied  with  air  and  water 
alone :  they  havt  endeavoured  to  prove,  that  though  there 
may  be  an  enlargement  of  size  or  developement  of  parts, 
this  is  not  perfect,  and  there  is  no  increase  of  vegetable 
matter ;  and  they  have  also  endeavoured  to  shew,  that  the 
experiments  from  which  that  conclusion  has  been  drawn, 
are  liable  to  sources  of  fallacy  sufficient  to  invalidate  the 
conclusion  itself. 

Hassenfratz,  some  years  ago,  stated  these  objections  to 
the  experiments  of  Van  Helmont,  Duhamel,  and  Tillet, 
and,  in  confirmation  of  his  objections,  gave  the  results  of 
experiments  on  various  plants  which  expand  when  merely 
supplied  with  water,  as  hyacinths,  kidney-beans,  cresses, 
and  others.    They  grew  in  this  situation,  or  their  parts 


7()  CIIE]V*rCAL  PHYSIOLOGY 

were  unfolded  ;  but  even  this  growth  was  imperfect ;  the 
vegetation  advanced  no  farther  than  the  production  of  the 
flowers,  without  the  seeds  being  formed,  or  at  least  with- 
out their  coming  to  maturity  and  these  plants  when  dried 
and  analysed,  afforded,  as  he  states,  rather  less  carbon  than 
was  contained  in  the  seed  or  bulb  from  which  they  had 
been  reared  *. 

Experiments  with  a  similar  result  have  been  made  by 
T.  Saussure.  He  endeavoured  to  bring  into  a  state  of  ve- 
getation the  seeds  of  the  kidney-bean,  the  common  pea, 
cresses,  and  similar  plants,  by  supporting  them  on  fine 
sand,  and  supplying  them  with  distilled  water.  They  fre- 
quently flowered,  but  their  seeds  never  came  to  maturity  f. 

Mr  Knight  has  also  observed,  that  bulbous  and  tuberose 
rooted  plants  contain  within  them  the  matter  which  serves 
for  the  developement  of  their  parts  ;  and  that  when  they 
grow  on  being  supplied  with  water,  the  water,  if  perfect- 
ly pure,  operates,  not  by  supplying  them  with  new  matter, 
but  only  by  dissolving  and  distributing  through  the  ex-, 
panded  plant,  the  matter  which  had  been  contained  in  the 
root  %• 

To  the  experiment  of  Van  Helmont,  and  others  of  a  si- 
milar kind,  the  objection  has  been  made,  that  in  the  period 
requisite  to  the  growth  of  the  plant,  the  water  with  which 
it  had  been  supplied  must  have  conveyed  to  it  a  quantity 
of  foreign  matter.  Thus  Bergman  remarked,  that  even 
rain-water,  with  which  the  willow  in  Van  Helmont's  ex- 
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perlment  was  supplied,  contains  a  small  portion  of  earthy 
matter,  which  by  the  constant  supply  would  accumulate  in 
the  plant,  in  quantity  sufficient  to  afford  all  the  earth  it 
contained  at  the  termination  of  the  experiment  *.  And 
Kirwan  afterwards  remarked  another  source  of  fallacy,  that 
the  pot  containing  this  willow  being  earthen  and  of  course 
porous,  and  being  placed  in  the  soil,  a  quantity  of  water 
from  the  soil,  and  conveying  matter  from  it,  must  have 
percolated  the  vessel,  and  been  absorbed  by  the  roots  of 
the  tree  f  •  A  similar  source  of  fallacy,  it  has  been  ob- 
served by  Hassenfratz,  existed  in  the  experiments  of  Til- 
let  t- 

The  observations  and  experiments  now  stated  may  prove, 
that  plants  supplied  with  water  alone  will  not  grow.  They 
may  even  prove,  that  to  some  plants  the  supply  both  of 
air  and  water  is  insuflicient,  and  that  these  are  incapable 
of  vegetating  properly,  without  matter  derived  from  the 
soil.  But  they  are  altogether  insufficient  to  render  this 
conclusion  general,  or  to  invalidate  the  opposite  conclusion, 
that  vegetation  may  be  supported  by  air  and  water  alone, 
and  that  many  plants  supplied  with  these  will  flourish,  and 
form  their  peculiar  products. 

Independent  of  the  particular  experiments  which  have 
been  stated,  the  facts  which  establish  this  last  conclusion 
are  numerous,  and  on  a  scale  which  scarcely  admits  of  any 
fallacy.  It  can  scarcely  be  doubted  indeed,  when  we  con- 
sider the  circumstances  connected  with  the  growth  of  sl 
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large  vegetable,  as  of  any  of  our  common  trees.  Their 
roots  extend  to  no  great  extent  or  depth  in  the  soil,  and 
that  soil  does  not  require  to  be  renewed,  or  to  receive  any 
supply  of  manure.  Nay,  frequently  the  situation  is  such, 
that  scarcely  any  manure  or  nutritious  matter  is  afforded, 
er  any  thing  but  a  support  by  which  the  plant  is  exposed 
to  the  air,  and  occasionally  supplied  with  water,  as  in  the 
example  of  those  trees  which  grow  from  the  crevices  of  a 
rock,  frequently  on  the  very  face  of  a  precipice.  Yet,  in 
all  these  situations,  the  growth  of  the  tree  advances,  its  so- 
lid matter  increases,  and,  in  many  of  them,  much  vegeta- 
ble matter  is  annually  lost  in  the  fruit,  or  the  fall  of  the 
foliage.  It  is  obvious,  that  the  portion  of  soil  with  which 
the  plant  can  be  supposed  to  communicate,  could  not  have 
originally  contained  the  matter  from  which  this  increase  is 
derived  ;  and  there  is  no  external  supply  but  from  the  at- 
mosphere, and  from  water.  We  are  reduced,  therefore, 
in  this  case,  to  the  conclusion,  that  the  carbon,  hydrogen, 
and  oxygen,  which  form  not  only  the  basis,  but  almost  the 
entire  substance  of  the  vegetable,  must  be  derived  from 
water  and  atmospheric  air. 

It  may  be  true,  that  in  the  experiment  of  Van  Helmont 
and  others  of  a  similar  nature,  a  small  portion  of  saline 
and  earthy  matter  may  be  conveyed  by  the  water  to  the 
plant  •,  and  this  may  be  the  origin,  in  whole  or  in  part,  of 
the  saline  matter  which  it  would  contain :  or,  as  Mr  Kir- 
wan  has  observed,  the  water  might  filtrate  from  the  soil 
through  the  vessel,  and  thus  convey  some  earthy  sub- 
stances, and  even  some  nutritious  matter,  to  the  plant. 
But  to  many  of  the  experiments,  this  objection  does  not, 
from  the  manner  in  which  they  were  performed,  apply,  as. 
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for  example,  to  those  of  Bonnet,  Hoffman  and  Braconnot ; 
/ .  and  even  in  the  experiment  of  Van  Helmont,  the  sup- 
ply of  nutritious  matter  by  infiltration  could  not  be  con- 
siderable ;  it  must  have  existed  in  limited  quantity  in  the 
soil  itself ;  and  the  communication  could  not  have  been 
so  extensive,  as  to  have  afforded  from  this  source  all  the 
principles  which  formed  the  substance  of  the  plant,  and 
which  increased  it  from  five  to  one  hundred  and  sixty- 
nine  pounds  in  weight. 

LasrJy,  the  experiments  of  Saussure  already  referred  to 
(page  42.)  are  conclusive,  in  opposition  to  those  of  Hassen- 
fratz,  in  proving,  that  plants  acquire  an  augmentation  of 
vegetable  matter,  when  supplied  with  air  and  water  alone. 
If  the  atmospheric  air,  indeed,  were  excluded,  or  rather, 
if  the  small  portion  of  carbonic  acid  which  it  naturally  con- 
tains were  removed,  by  washing  with  lime-water,  the  ve- 
getables, as  already  stated,  merely  expanded,  without  any 
real  addition  of  vegetable  matter  j  but,  when  supplied  with 
water,  and  with  atmospheric  air  in  its  natural  state,  and 
fully  exposed  to  light,  the  proportion  of  vegetable  mattey 
increased  with  the  enlargement  of  bulk.  The  opposite  re* 
suits  obtained  by  Hassenfratz  were  probably  owing  to  the 
plants  not  having  been  sufficiently  exposed  to  light  ;  for, 
in  this  case,  Saussure  found,  that  the  proportion  of  carbon 
is  even  rather  diminished  than  increased. 

The  two  series  of  facts  on  this  subject  which  appear  op- 
posed to  each  other, — the  one  proving,  that  many  vege- 
tables will  grow  when  applied  with  air  and  water  alone, 

 the  other  equally  proving,  that,  in  such  a  situation,  the 

growth  is  imperfect,  and  is  little  more  than  an  expansion 
of  their  solid  matter,  may  perhaps  be  reconciled,  by  con- 
sidering vegetation  under  the  following  point  of  view. 
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In  plants  which  expand  rapidly,  as  in  those  which  were 
the  subjects  of  the  experiments  of  Hassenfratz,  or  of  the 
observations  of  Knight,  the  contact  of  a  rich  soil  may  be 
necessary  to  bring  them  to  perfection.  The  developement 
of  their  parts  may  so  far  exceed  the  slow  supply  of  prin- 
ciples which  they  caft  assimilate  from  water  and  atmos- 
pheric air,  that  they  will  decay  before  their  vegetation  has 
been  completed.  But  this  only  proves,  that,  from  the  pe- 
culiar nature  of  these  plants,  the  expansion  of  their  parts 
has  been  more  rapid  than  the  supply  of  nutritious  matter, 
\inder  such  circumstances,  can  support ;  while,  in  others, 
the  growth  of  which  is  more  slow  and  gradual,  it  does  not 
follow  but  that  a  sufficient  supply  of  nourishment  may  be 
derived  from  these  alone.  -  . 

In  vegetables  of  this  last  description,  under  which  are 
probably  to  be  classed  all  the  larger  plants,  a  due  propor- 
tion in  the  supply  of  water  and  o(  air  will  no  doubt  be  re- 
quired. Water  alone  can  furnish  only  oxygen  and  hydro- 
gen, and  these,  without  a  due  proportion  of, carbon,  as 
Saussure  has  jufetly  remarked,  cannot  be  accumulated  in 
the  plant  y  and,  for  the  same  reason,  an  excess  of  carboniq 
acid,  or  any  other  substance  affording  carbon,  may  not  be 
of  any  utility^  as  it  must  equally  be  incapable  of  being  as- 
similated without  the  necessary  proportions  of  the  other 
two  elements.  In  those  plants  which  grow  slowly,  the 
growth  will  probably  adapt  itself,  in  establishing  these  pro- 
portions, to  the  quantities  of  each  which  are  afforded  to 
it }  and,  from  the  general  facts  connected  with  their 
growth,  there  can  be  little  doubt,  that  air  and  water  afford 
the  elements  whence  their  products  are  formed. 

It  is  equally  true,  however,  that,  in  many  vegetables, 
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these  are  insufficient,  and  a  direct  supply  of  more  nutri- 
tious matter  is  indispensable  to  their  proper  growth.  This 
is  proved  by  the  most  familiar  facts  in  agriculture.  Many 
vegetables  will  flourish  only  in  certain  soils.  Those  which 
require  a  rich  soil  vegetate  feebly  in  a  poorer,  and  they  al- 
ways exhaust  that  in  which  they  grow,  so  that  it  requires 
to  be  renewed  by  certain  additions. 

In  conformity  to  the  view  of  vegetation  which  I  have 
just  given,  it  follows,  that  those  plants  which  grow  rapid- 
ly must  be  j-iose  that  will  thus  require  the  most  nutritious 
soil ;  and  that  of  such  as  grow  more  slowly,  those  will 
most  require  it  which  igive  the  largest  produce  of  seeds  or 
fruit,  compared  with  the  plant  when  these  begin  to  be 
formed.  Hence,  those  plants  which  are  cultivated  for  the 
nourishment  of  animals,  are  of  all  others  those  which  re- 
quire the  most  nutritious  soil ;  and  the  proportion  of  their 
products  is  at  least  within  some  limits  proportioned  to  it. 
It  is  interesting,  and  intimately  connected  with  the  theory 
of  vegetation,  to  trace  the  operation  of  the  substances  from 
which  these  results  are  obtained. 

The  matter  which  is  thus  r-equired  by  many  vegetables 
to  enable  them  to  grow  and  form  their  various  products, 
must  be  such  as  contains  the  elements  of  these  products, 
and,  at  the  same  time,  such  as  they  can  absorb  and  assi- 
milate. Hence  the  great  superiority  of  decaying  vegetable 
and  animal  matter.  This  constitutes  what  is,  properly 
speaking,  the  richness  of  a  soil.  The  crust  of  earth  which 
forms  the  soil  consists  principally  of  sllex,  argil,  lime,  and 
magnesia.  According  as  one  or  other  of  these  predomi- 
nates, the  soil  may  be  loose,  or  adhesive  ;  may  be  calcu- 
lated to  retain  water,  or  to  allow  it  a  free  passage   or  mny 
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have  various  other  qualities  influencing  the  growth  of 
plants,  and,  from  such  qualities,  may  be  adapted  to  the 
support  of  certain  vegetables.  But  in  sustaining  those 
plants  vyhich  are  cultivated  for  the  nourishment  of  animals, 
something  more  is  required  :  it  must  contain  decomposing 
vegetable  arxl  animal  matter :  its  fertility  ceases  when  this 
has  been  abstracted,  and  can  only  be  renewed  by  a  fresh 
quantity  being  introduced. 

This,  therefore,  forms  the  first  and  most  important  of 
the  manures.  Its  nature  must  vary  somewhaf^,  according 
to  the  intermixture  of  animal  and  vegetable  matter  ;  but  it 
must  alwp.ys  contain,  in  large  quantity,  the  elements  of 
which  vegetable  matter  is  formed,  and  indeed  must  con- 
sist almost  entirely  of  these.  The  black  mould  into  which 
vegetable  matter  passes  by  slow  decomposition,  and  which 
always  exists  more  or  less  in  the  soil,  consists  principally 
of  the  carbon  which  is  the  basis  of  that  matter,  with  por- 
tions of  the  other  elements.  Saussure,  in  analyzing  it  by 
heat,  found  it  to  contain  more  carbon  and  less  oxygen  thati 
unchanged  vegetable  matter.  It  appeared  to  contain  also 
a  larger  proportion  of  nitrogen.  To  water  it  yields  a  por- 
tion of  extractive  matter,  and  a  small  quantity  of  carbonic 
acid  ;  and  exposed  in  a  humid  state  to  the  atmosphere,  it 
absorbs  oxygen,  and  forms  carbonic  acid  *,  as  Ingenhousz, 
Gough,  Humboldt,  and  others,  had  before  observed. 

The  great  utility  of  vegetable  and  animal  suhstancer  as 
manure,  undoubtedly  consists  in  their  affording  matter  al- 
ready assimilated,  and  hence  more  fit  to  serve  for  the  nu- 
trition of  the  vegetable.    The  water  which  is  present  dis- 
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solves  the  mucilaginous  and  extractive  principles,  and,  be- 
ing absorbed  by  the  roots,  must  afford  more  nutritious 
matter  than  water  that  is  pure.  Saussure  found,  that  wa- 
ter holding  in  solution  various  salts,  as  well  as  different 
vegetable  substances,  gum,  sugar,  &c.  easily  enters  the 
roots  of  plants  by  absorption ;  and  that  this  absorption  is 
in  some  measure  elective,  some  substances  being  more 
largely  absorbed  than  others.  The  salts  thus  introduced 
were  afterwards  discovered  in  the  plant,  on  burning  it  *. 

Not  only  is  nutritious  matter  thus  conveyed  from  the 
soil  by  the  medium  of  water ;  there  is  also  every  reason  to 
believe,  that  the  gases  which  are  evolved  in  the  slow  de- 
composition of  the  vegetable  and  animal  matter  mingled 
with  it  are  in  part  absorbed.  Under  such  circumstances, 
carbonic  acid,  carbonic  oxide,  and  oxy-carburetted  hydro- 
gen gases,  are  formed  :  portions  of  these  will  be  retained 
by  the  water  of  the  soil,  and  may  even  be  directly  absorb- 
ed by  the  vessels  of  the  root.  Mr  Knight  has  according- 
ly remarked,  that  in  his  experiments  on  the  sap  of  vege- 
tables, it  always  appeared  to  contain  a  large  portion  of  air. 
The  gases  thus  conveyed  into  the  vegetable  contain  the 
elements  from  which  its  products  are  formed,  and  in  a 
state,  probably,  in  which  they  will  be  easily  combined  and 
assimilated. 

Yet  the  quantity  of  vegetable  matter  directly  conveyed 
into  the  plant,  would  appear,  from  Saussure's  experiments, 
not  to  be  considerable.  He  found,  that  rain-water,  which 
had  stood  many  days  in  a  soil  containing  much  manure, 
formed  an  infusion,  which  did  not  contain  above  one  parr. 


*  Recherches,  p.  252.  2^- 
F  1? 


ij4.  CHEMICAL  I'lIYSIOLOGl 

of  vegetable  matter  to  a  thousand  of  water.  He  found 
reason  to  conclude,  too,  that  z  plant,  in  absorbing  this  so- 
lution, would  not  assimilate  above  the  fourth  part  of  the 
vegetable  matter  it  contained  :  hence,  it  would  not  increase 
in  weight  above  a  quarter  of  a  pound,  from  the  accession 
of  such  matter,  in  absorbing  one  thousand  pounds  of  such 
an  infuiion,  which,  in  a  small  plant,  would  require  a  very 
Jong  time  *.  Braconnot  has  concluded  too,  that  black 
vegetable  mould  can  afford  little  directly  nutritious  to  ve- 
getables, as  he  found  that  it  communicated  no  soluble  mat- 
ter to  water,  and  that  according  to  the  opinion  suggesteti 
by  Parmentier  and  Tillet,  it  is  useful  principally  by  re- 
taining moisture  f.  The  result  of  his  experiments,  how- 
ever, is  at  variance  with  that  of  Saussure,  and  is  indeed 
not  very  probable  in  itself ;  and  witli  regard  to  the  conclu- 
sion of  both  chemists,  it  is  to  be  remarked,  that,  independ- 
ent of  the  matter  directly  afforded  by  manures  to  the  wa- 
ter in  the  soil,  much  of  the  nourishment  they  afford  to  the 
plant  is  probably  by  the  medium  of  the  gases  they  evolve. 

It  may  perhaps  be  affirmed,  that  vegetable  and  animal 
substances  furnish  the  only  species  of  manure  directly  nu- 
tritious, or  capable  of  affording  matter  which  the  vege- 
table can  immediately  assimilate.  But  there  are  others, 
scarcely  less  useful,  in  improving  the  soil,  in  promoting 
the  decomposition  of  the  vegetable  or  animal  substances 
which  it  contains,  or  in  exciting  the  plant  to  more  vigor- 
ous action. 

Of  these,  the  first  place  is  unquestionably  due  to  linxe. 


*  Recherches,  p.  2G7. 
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Its  Utility  is  sufllciently  known,  not  only  in  Increasing  the 
products  of  vegetation,  but  in  improving  their  quality  j 
and  various  opinions  have  been  offered  on  its  mode  of 
operation.  In  clay  soils,  it  is  obvious  that  it  may  prove 
usefulj  by  rendering  the  earth  more  free  and  loose,  .more 
pervious  to  air  and  moisture,  and  to  the  roots  of  plants. 
It  may  likevirise  destroy  insects,  which  often  prey  on  the 
tender  vegetable  :  it  may  decompose  any  saUne  substance 
which  is  injurious  to  vegetation  •,  and  it  probably  acts  as 
a  stimulus  to  the  plant  arrived  at  maturity,  and  thus  quick- 
ens the  process  of  vegetation.  But  the  principal  advan- 
tage attending  the  use  of  lime  as  a  manure,  appears  to  be 
derived  from  its  power  of  hastening  the  decomposition  of 
vegetable  and  animal  substances,  and  thus  supplying  to 
the  plant  in  greater  abundance  the  different  gases  capable 
of  contributing  to  its  nourishment.  That  lime  does  exert 
such  an  operation,  is  evident,  from  its  reducing  even  the 
ligneous  matter  of  plants  in  a  short  time  to  a  black  mould, 
when  its  action  is  favoured  by  humidity ;  and  that  it  is  by 
this  operation  that  it  proves  useful  as  a  manure,  appears 
to  be  established  byjhe  fact,  that  its  utility  is  most  con- 
spicuous in  those  soils  which  abound  in  animal  and  vege- 
table matter;  and  when  this  is  exhausted,  the  lime  is  less 
useful,  until  it  is  renewed. 

Some  have  imagined,  that  the  lime  acts  in  this  manner, 
by  directly  combining  with  the  vegetable  or  animal  mat- 
ter, and,  in  particulari  with  the  carbon  of  that  matter,  ren- 
dering it  soluble  in  water,  and  thus  conveying  it  into  the 
vessels  of  the  plant.  But  there  appears  to  be  little  foun- 
dation for  this  opinion  :  nor  can  it  well  be  supposed,  that 
so  much  lime  as  mu^t  thus  be  conveyed,  could  be  receivcJ 
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without  injury  into  the  vegetable  system.  In  promoting, 
the  decomposition  of  these  substances,  it  seems  to  act  prin- 
cipally by  a  resulting  affinity.  It  is  possible  too,  as  lime, 
is  now  proved  to  be  a  compound  substance,  that  it  may 
prove  useful  in  vegetation  by  the  elements  it  may  afford. 

Lime,  when  united  with  carbonic  acid,  has  an  effect 
somewhat  similar,  though  in  an  inferior  degree ;  and,  u- 
nited  with  sulphuric  acid,  or  under  the  form  of  gypsum, 
it  has  been  used  with  advantage  as  a  manure,  probably 
from  an  analogous  operation.  Even  some  saline  sub- 
stances have  been  found  to  promote  vegetation,  such  as 
muriate  of  soda,  when  added  in  very  small  quantity. 
Duhamel  found,  that  marine  plants  growing  in  an  inland 
situation  languish,  if  not  supplied  with  this  salt. 

The  nature  of  the  soil,  too,  with  regard  to  its  earthy  and 
even  its  metallic  ingredients,  has  an  important  influence  on 
vegetation,  and  adapts  it  to  different  plants,  partly  perhaps 
from  the  elements  these  substances  may  afford,  but  chiefly 
from  their  mechanical  effect  in  rendering  the  soil  more  or 
less  pervious  to  the  roots,  in  enabling  it  to  afford  to  the  ve- 
getable a  more  or  less  firm  support,  and  admitting  the  ap- 
plication of  air  and  water  in  due  proportion.    The  earthy 
matter  of  the  soil  is  derived  from  the  disintegration  of  the 
rocks  over  which  it  lies,  or  from  materials  originating  from 
such  disintegration,  and  spread  over  the  surface  by  the 
operation  of  water.  It  must  consist,  therefore,  of  the  prin- 
ciples of  which  the  earthy  aggregates  are  formed,  and,  in 
diflercnt  situations,  will  consist  of  these  in  different  propor- 
tions.   Of  the  cartlis,  silcx  and  argil  constitute  the  basis 
of  every  soil  j  and  the  qualities  of  this  soil  will  vary,  ac- 
cording as  cither  predominates.    A  soil  in  which  argil  "15 
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the  chief  constituent,  or  which  consists  principally  of  clay, 
is  stiff,  and  not  easily  worked  :  it  imbibes  water,  so  as  to 
be  thoroughly  moistened,  very  slowly  ;  bur,  when  it  has 
been  brought  into  this  state,  it  retains  it  strongly,  and  in 
drying  it  contracts  and  hardens,  so  as  not  to  admit  easily 
of  the  extension  of  the  roots  of  plants,  or  be  very  permea- 
ble to  water  and  air.  Silex  seldom  exists  in  large  quantity 
in  a  soil  in  a  state  of  very  fine  division,  but  in  fragments, 
forming  a  sandy  or  gravelly  soil.  In  this,  qualities  the  re-» 
verse  of  those  of  a  clay  soil  prevail :  and  hence  the  adapta- 
tion of  each  to  particular  plants,  as  well  as  the  advantage 
derived  from  a  due  proportion  of  the  one  to  the  other. 
The  presence  of  calcareous  earth  serves,  to  a  certain  ex- 
tent, the  same  purposes  :  it  lessens  the  adhesive  quality  of 
the  clayey  soil,  and  the  porosity  and  looseness  of  that  in 
which  the  silex  predominates;  and  probably  is  still  farther 
useful,  in  stimulating  the  vessels  of  the  root,  in  attracting 
carbonic  acid,  and,  as  has  been  already  explained,  in  fa- 
vouring the  decomposition  of  inert  vegetable  matter. 
Magne;  ia  is  probably  always  present  in  very  inferior  pro- 
portion, and  its  operation  does  not  appear  to  be  very  well 
marked  ;  though  it  has  been  concluded,  from  some  facts, 
that  it  is  rather  hurtful  to  vegetation,  particularly  from 
some  kinds  of  limestone,  which  on  analysis  were  found  to 
contain  magnesia,  being  prejudicial  when  used  as  manure. 
Oxide  of  iron  is  the  principal  metallic  matter  present  in  the 
soil ;  and  it  has  been  supposed  to  be  in  some  cases  advan- 
tageous, by  attracting  oxygen  from  the  atmosphere. 

An  extensive  series  of  expevmients,  on  the  comparative 
powers  of  different  mixtures  of  earths  in  sustaining  the 
vegetation  of  those  plmts  which  are  cultivated  for  nourish- 
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ment,  was  undertaken  by  Tillet  *.  He  employed  large 
earthen  pots,  which  he  sunk  in  the  earth  very  nearly  to 
the  level  of  the  surface,  so  that  the  plants  growing  in  them 
might  be  as  much  as  possible  in  a  natural  situation,  and 
participate  in  all  the  vicissitudes  of  the  season  ;  and,  with 
the  same  view,  he  abstained  from  supplying  them  with  any 
water,  cvc-'n  when,  from  the  want  of  rain,  they  seemed  most 
to  require  it.  The  experiments  on  eacli  earthy  mixture 
were  continued  for  three  successive  years ;  the  grains  pro- 
duced the  Qrst  year  being  planted  for  the  second,  and  those 
produced  the  second  being  in  like  manner  planted  for  the 
third.  From  their  general  results,  it  appears,  that  there  is 
a  considerable  latitude  with  regard  to  the  earthy  mixtures 
capable  of  supporting  vegetation.  "Wheat  was  the  grain 
that  was  the  subject  of  experiment  and  it  was  found  to 
grow  well  in  various  mixtures  of  sand,  clay,  plaster,  and 
fragments  of  stones,  as  well,  indeed,  as  in  earth  taken  from 
a  cultivated  soil.  Nay,  it  eyen  flourished  apparently  equal- 
ly well  in  sand  alone,  in  fragments  of  stone,  m  old  plaster 
or  mortar.  An  excess  of  argil  or  clay  appeared  to  be  pre- 
judicial, principally  by  communicating  the  property  of 
hardening  after  being  moistened,  so  that  water  was  not 
easily  diffused  through  it,  and  the  routs  of  the  vegetable 
met  with  too  great  resistance.  The  same  effect,  it  has  been 
found  from  other  experiments,  arises  from  an  excess  of 
lime,  especially  where  there  is  little  vegetable  or  animal 
matter.  In  Tillet's  experiments  no  great  advantage  was 
derived  from  the  addition  of  marl,  and  less  benefit  accrued 
from  the  mixture  of  vegetable  and  animal  manure  than 


*  Memoires  de  I'Acad.  des  Scicncer,  1772,  p.  2.29. 
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might  have  been  expected,  from  the  advantage  obviously 
derived  from  it  in  the  practice  of  agriculture.  He  wns  dis- 
posed to  conclude,  from  considering  the  results  of  all  his 
experiments,  tliat  water  was  the  most  essential  agent  in 
promoting  vegetation,  and  that  the  principal  advantage  of  a 
soil  is  to  preserve  a  certain  degree  of  humidity,  while,  at 
the  same  time,  it  allows  the  roots  to  extend  freely,  and 
absorb  it. 

The  following  analysis  of  a  fertile  soil,  in  a  climate  in 
which  much  rain  falls,  that  of  Piedmont,  is  given  on  the 
authority  of  Giobert.    One  pound  consisted  of 

Carbonaceous  Matter  25  grains 

Water  70 

Silex  from  4362  to  4475 

Argil  _  509  to  793 

Lime  —  283  to   G79,  with  a  portion 

of  air,  about  19  grains,  of  which  one-third  was  carbonic 
acid,  and  the  remainder  carburetted  hydrogen.  In  less 
fertile  soils,  the  proportion  of  silex  in  the  pound  Troy  was 
from  2716  grains  to  4528,  of  argil  from  396  to  1245,  and 
of  lime  from  339  to  622.  And  in  barren  soils,  the  pro- 
portions were,  of  silex  from  2368  to  4963,  of  argil  from 
11 28  to  1692,  and  of  lime  from  225  to  620.  In  a  drier 
climate,  Bergman  found  a  fertile  soil  to  consist  of  four  parts 
of  clay,  three  of  siliceous  sand,  two  of  calcareous  earth, 
and  one  of  magnesia.  It  appears,  from  the  several  analy- 
ses that  have  been  made,  that  the  less  rain  falls  in  a  coun- 
try, the  proportion  of  calcareous  earth  in  the  soil  must  be 
increased,  and  that  of  siliceous  earth  diniinibhed,  to  render 
it  fertile.    On  this  subject,  some  farther  details  are  giver. 
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in  Mr  KIrwan's  treatise*.  Some  facts  have  been  also 
added  by  Mr  Davy,  in  his  late  memoir  on  the  analysis  of 
soils  f ,  The  soils  that  are  most  productive  of  corn,  he  re- 
marks, contain  always  certain  proportions  of  argillaceotis 
and  calcareous  earth,  in  a  finely  divided  state,  and  a  certain 
quantity  of  vegetable  or  animal  matter.  The  quantity  of 
calcareous  earth  is,  however,  very  various,  and  in  some 
c^ses  very  small.  A  very  fertile  corn  soil  from  Ormistoa 
in  East  Lothian,  afforded  to  Mr  Davy,  in  an  hundred  parts, 
only  eleven  of  mild  calcareous  earth  :  it  contained  twenty- 
five  parts  of  siliceous  sand  ;  the  finely  divided  clay  amount- 
ed to  forty-five  parts  ;  it  lost  nine  in  decomposed  animal 
and  vegetable  matter,  and  four  in  water,  and  afforded  in- 
dications of  a  little  phosphate  of  lime.  Its  fertility  might 
be  in  some  measure  connected  with  this  last  substance,  as 
it  is  found  in  wheat,  oats,  and  barley,  and  may  be  a  part 
of  the  food  of  the  plant. 

An  important  result,  which  appears  to  be  established  by 
tome  of  Mr  Davy's  analyses,  is,  that  a  soil  may  be  fertile 
though  it  contain  little  vegetable  or  animal  matter.  A  soil 
from  the  low  lands  of  Somersetshire,  celebrated  for  produ- 
cing excellent  crops  of  wheat  and  bean«  without  manure, 
he  found  to  consist  of  one-ninth  of  sand,  chiefiy  siliceous, 
and  eight-ninths  of  calcareous  marl,  tinged  with  iron,  and 
containing  only  about  five  parts  in  the  hundred  of  vegeta- 
ble matter-:  no  phosphate  or  sulphate  of  lime  could  be  de- 
tected in  it.  And  hence,  as  Mr  Davy  concludes,  «  its  fer- 
tility must  have  depended  principally  upon  its  power  of 


*  Essay  on  Manures,  p.  55,  &c. 

t  Nicholson's  Journal,  vol.  xii.  p.  81. 


OF  VEGETABLES.  §1 

attracting  principles  of  vegetable  nourishment  from  water 
and  the  atmosphere."  This  leads  to  a  very  important  in- 
ference with  regard  to  improving  soils.  "  In  supplying 
animal  or  vegetable  manure,  a  temporary  food  only  is  pro- 
vided for  plants,  which  is  in  all  cases  exhausted  by  means 
of  a  certain  number  of  crops  •,  but,  when  a  soil  is  rendered 
of  the  best  possible  constitution  and  texture  with  regard 
to  its  earthy  parts,  its  fertility  may  be  considered  as  per- 
manently established.  It  becomes  capable  of  attracting  ;i 
very  large  portion  of  vegetable  nourishment  from  the  at- 
mosphere, and  of  producing  its  crops  with  comparatively 
little  labour  and  expence."  Some  alteration  in  its  consti- 
tution, may,  no  doubt,  arise  from  the  mere  succession  of 
crops  ;  but  any  deterioration  from  this  cause  might  be  ob- 
viated, by  their  judicious  alternation,  or  by  other  methods 
which  occasional  analyses  would  suggest.  And  these  ob  - 
servations undoubtedly  lead  to  a  field  of^^research  hitherto 
much  neglected,  though  so  highly  important. 

Mr  Davy  has  justly  observed,  that  the  results  of  analy-  \ 
ses  considered  as  affording  indications  of  fertility,  must 
necessarily  differ  in  different  climates,  and  under  different 
circumstances.  *'  The  power  of  soils  to  absorb  moisture 
ought  to  be  greater  in  warm  and  dry  countries  than  in  cold 
and  moist  ones,  and  the  quantity  of  fine  argillaceous  earth 
they  contain  larger.  Soils,  likewise,  that  are  situated  on 
declivities,  ought  to  be  more  absorbent  than  those  in  the 
same  climate  in  plains,  or  in  valleys.  The  productiveness 
of  soils  must  likewise  be  influenced  by  the  nature  of  the 
sub-soil,  or  the  earthy  and  stony  strata  on  wliich  they 
rest.  Thus,  a  sandy  soil  may  sometimes  owe  its  fertility 
to  the  power  of  the  sub-soil  to  retain  water    and  ar.  ab- 
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sorbent  clayey  soil  may  occasionally  be  prevented  from 
being  barren,  in  a  moist  climate,  by  the  influence  of  a  sub- 
stratum of  sand  or  gravel." 

Besides  a  proper  soil,  the  due  application  of  heat  and  light 
are  necessary,  as  has  been  already  stated,  to  the  process  of 
vegetation, — heat,  as  a  stimulus  to  excite  and  sustain  the 
actions  of  the  plants, — light,  partly  from  the  same  opera- 
tion, and  partly  from  its  chemical  powers. 

Such  are  the  circumstances  most  materially  influencing 
vegetation  ;  and  the  statement  of  them  presents  the  follow- 
ing general  view  of  the  series  of  chemical  changes  which 
constitute  this  process. 

Regarding  germination  as  its  first  stage,  the  seed  expos- 
ed to  humidity  and  atmospheric  air  expands :  its  farina- 
ceous matter,  by  the  action  of  the  oxygen  of  the  air,  is 
converted  into  sugar,  which  serves  as  food  to  the  infant 
plant.  Its  organs  are  gradually  unfolded,  and  its  nourish- 
ment received  from  a  different  source  :  water,  pure,  of 
holding  vegetable  and  animal  matter  in  solution,  is  ab- 
sorbed by  the  roots ;  and,  in  a  soil  containing  decompos- 
ing vegetable  and  animal  matter,  different  aerial  fluids  are 
likewise  received,  and  mingled  with  the  sap.  This,  in  its 
progress  through  the  root,  dissolves  even  part  of  the  vege- 
table matter ;  and  from  this,  the  plant,  in  the  first  stagt?s 
of  its  growth,  is  better  enabled  to  form  its  various  parts. 
It  is  brought  to  the  leaves  of  the  vegetable,  and  is  there 
presented,  under  a  very  extensive  surface,  covered  with  a 
very  thin  membrane,  to  the  action  of  the  air  and  light  :  part 
of  its  water  transpires  \  carbonic  acid, and  other  elastic  fluids 
from  the  atmosphere,  as  well  as  substances  which  these 
may  hold  dissolved,  are  perhaps  absorbed  •,  and,  by  the  ac- 
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tlon  of  the  vessels,  assisted  by  the  chemical  agency  of  light, 
new  combinations  are  established,  and  the  proper  juice  of 
the  plant  is  formed.  This  is  conveyed  by  the  footstalk  of 
the  leaf,  and  by  vesst-ls  proceeding  downwards  through  the 
bark,  or  between  it  and  the  wood  :  it  is  deposited  in  dif- 
ferent parts,  or  is  still  farther  changed  in  its  progress, — 
changes  from  which  the  peculiar  vegetable  products  are 
formed. 

For  the  perfection  of  this  process,  the  soil  must  be  ad- 
apted to  the  nature  of  the  vegetable  ;  it  must  permit  its 
roots  to  extend,  allow  free  access  to  the  air,  and  convey 
and  retain  the  necessary  degree  of  humidity  ;  its  nutritive 
powers  must  in  general  be  increased,  by  the  intermixture 
of  vegetable  and  animal  matter  j  the  decomposition  of  this 
must  often  be  accelerated,  by  the  application  of  other 
species  of  manure  •,  and,  lastly,  all  tlie  actions  of  the  ve- 
getable must  be  excited  and  sustained  by  the  due  propor- 
tion of  heat  and  light. 

From  the  substances  conveyed  to  the  plant  from  the  air, 
water,  and  soil,  must  no  doubt  be  derived  all  the  elements 
of  which  its  products  are  formed.  But  in  the  uncertain 
state  of  our  knowledge  with  regard  to  what  principles  are 
truely  elementary,  it  is  perhaps  in  vain  to  attempt  to  trace 
with  certainty  the  source  of  those  ultimate  principles  which 
the  vegetable  analysis  affords.  There  are  found  in  the 
products  of  the  vegetable  kingdom,  though  in  very  differ- 
ent proportions,  oxygen,  hydrogen,  nitrogen,  carbon,  sul- 
phur, phosphorus,  the  fixed  alkalis,  lime,  magnesia,  ar- 
gil and  silex,  and  several  metals,  particularly  iron,  man- 
ganese, and,  as  it  has  likewise  been  affirmed,  gold.  The 
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origin  of  some  of  these  is  sufficiently  obvious  i  while  that 
of  others  is  much  more  obscure. 

With  regard  to  the  oxygen  and  hydrogen,  which  con- 
stitute so  large  a  part  of  vegetable  matter,  there  is  no  dif- 
ficulty ;  since  they  may  be  derived  from  the  decomposi- 
tion of  the  water  which  the  plant  absorbs,  or  a  portion  of 
the  oxygen  may  be  received  from  the  atmospheric  air. 

Carbon  is  next  to  these  the  principal  element  of  vege- 
table products,  and  in  many  of  them  is  even  contained  in 
larger  proportion  ;  but  its  origin  is  much  more  doubtful. 
While  it  was  believed  that  carbonic  acid  was  absorbed  by 
vegetables  from  the  air,  and  decomposed,  it  was  general- 
ly imagined,  that  from  this  their  carbon  is  acquired.  But 
it  appears  to  be  sufficiently  established,  that  plants,  when 
not  under  exposure  to  solar  light,  consume  oxygen,  and 
give  out  carbonic  acid  j  and  it  must  be  regarded  as  ex- 
tremely doubtful,  whether  the  absorption  of  carbonic  acid, 
if  it  do  take  place  to  any  extent,  exceeds  the  actual  forma- 
tion of  it,  much  less  whether  from  this  absorption  the  pro- 
gressive augmentation  of  carbon,  which  accompanies  their 
growth,  can  be  derived. 

This  difficulty  exists  even  with  regard  to  plants  which 
grow  in  an  ordinary  situation,  that  is,  in  connection  with 
the  soil.  When  it  is  considered  to  how  short  a  distance 
the  roots  of  a  plant  extend  in  the  soil,  how  little  of  this  is 
carbonaceous  matter,  and  how  seldom,  with  regard  to 
many  plants,  this  soil  requires  to  be  renewed,  it  must  be 
obvious,  that  the  portion  of  carbon  contained  in  it,  or  sup- 
plied to  it  by  any  natural  process,  cannot  be  equal  to  the 
quantity  which  in  the  progress  of  the  growth  of  the  vege- 
table is  fixed  in  its  composition  5  sttli  less  can  it  afford  the 
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much  larger  quantity,  which  the  plant,  escept  when  under 
the  influence  of  solar  light,  tlischarges  uader  the  form  of 
carbonic  acid. 

The  difficulty  is  still  greater  in  those  cases  where  the 
plant  grows  when  supplied  merely  with  water  and  atmos- 
pheric air.  Some  have  supposed,  indeed,  that  in  this  case 
there  is  a  mere  expansion  of  the  vegetable  matter,  ami  that 
tl^  carbonaceous  matter,  originally  contained  in  the  seed 
aiKi  root,  affords  the  whole  of  that  which  enters  hito  the 
composition  of  the  grown  plant.  But,  iiwlependent  of 
the  quantity  lost  under  the  form  of  carbonic  acid,  the  in- 
crease of  matter  attending  vegetation,  even  in  this  situa- 
tion, is  obviously  such  as  to  preclude  this  supposition  ;  any 
experiments  which  appear  to  support  it,  it  has  been  already 
remarked,  have  been  proved  to  be  inconclusive  or  incor- 
rect, and  the  f«»ct  is  demonstrated,  that  the  quantity  of 
carbon  is  increased.  This  is  obvious,  indeed,  from  many 
of  the  experiments  that  have  been  made  on  this  subject, 
without  any  minute  investigation  ;  especially  since  it  ap- 
pears that  plants  actually  emit,  during  vegetation,  more 
carbonic  acid  than  they  can  be  supposed  to  absorb. 

The  fact  has  also  been  more  rigorously  demonstrated. 
An  experiment  made  by  Braconnot  appears  to  be  decisive. 
He  inclosed  in  bottles,  containing  fine  white  sand,  which 
had  been  previously  deprived  of  all  calcareous  earth,  by 
washing  with  weak  muriatic  acid,  460  seeds  of  white  mus- 
tard. The  sand  was  moistened  with  distilled  water  ;  the 
remainder  of  the  bottle  was  filled  with  atmospheric  air, 
freed  from  carbonic  acid ;  and  the  bottles  were  closed  ac- 
curately, and  placed  a  few  inches  deep  in  a  moist  soil. 
Vegetation  soon  commenced,  and  considerable  verdure 
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was  produced.  Afrcr  sIk  weeks  growth,  the  plants  were 
removed,  washed  with  great  care,  and  dried.  They 
weighed  in  this  state  HO  grains.  A  pLiul,  which  termi- 
nated in  a  narrow  tube,  was  filled  with  them,  and  expos- 
ed gradually  to  a  strong  heat }  74'  grains  of  coal  were  ob- 
tained 5  by  incineration  51  grains  of  very  alkaline  ashes 
were  obtained  from  this ;  and  consequently  it  had  contain- 
ed 23  grains  of  pure  charcoal.  To  afford  a  comparative 
result,  460  white  mustard  seeds  were  then  decomposed  by 
heat,  and  only  62  grains  of  coal  were  obtained,  which  lost 
nearly  half  its  weight  by  calcination.  Hence  it  follows, 
as  Braconnot  remarks,  that  4-60  mustard  seeds  acquired  in 
close  vessels  upwards  of  15|  grains  of  pure  carbon  *. 

From  all  these  facts,  it  appears,  that  we  can  give  no  very 
satisfactory  account  of  the  origin  of  the  carbon  vi^liich  en- 
ters into  the  composition  of  vegetable  matter  ;  a  conclu- 
sion which  chemists  will  now  perhaps  feel  less  reluctant 
to  admit,  since  recent  discoveries  have  shewn  more  clear- 
ly, that  we  know  little  of  what  are  the  true  elements  of  bo- 
dies, and  no  improbability  can  be  attached  to  the  supposi- 
tions, that  carbon,  or  any  other  substance  which  we  have 
hitherto  regarded  as  simple,  may  be  a  compound,'  and  as 
such  may  be  formed  in  the  processes  of  vegetation  ;  or 
if  simple,  that  it  may  be  evolved  from  the  decomposition 
of  other  bodies,  which  may  be  compounds,  though  their 
composition  is  at  present  unknown. 

The  nitrogen,  which,  so  far  as  our  knowledge  of  the 
analysis  of  vegetable  substances  extends,  enters  in  sp  :ring 
quantity  into  their  composition,  may  easily  be  derived 

*  Nicholson's  Journal,  vol.  xviii.  p.  25. 
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from  the  atmosphere,  or  from  the  portion  of  it  which  wa- 
ter holds  loosely  dissolved,  or  from  the  soil. 

Sulphur  is  contained  in  considerable  quantity  in  the 
roots  and  juices  of  some  vegetables  *,  and,  from  the  quan- 
tity of  sulphates  obtained  by  the  incineration  of  plants,  is 
perhaps  a  more  common  and  abundant  ingredient  than  has 
been  usually  supposed.  Phosphorus  enters  into  the  com- 
position of  certain  proximate  principles  contained  in  the 
nutritive  grains  and  roots.  But  with  regard  to  both,  lit- 
tle can  be  said  with  precision.  They  may  be  derived  from 
the  soil ;  at  least  it  has  not  been  determined,  by  any  very- 
accurate  experiment,  whether  they  are  contained  in  sensi- 
ble quantity  in  vegetables  which  have  grown,  supplied  with 
air  and  water  alone.  Braconnot  has  observed,  that  ra- 
dishes, which  had  been  raised  from  seeds  planted  in  well 
washed  sand,  and  supplied  with  pure  rain  water,  afforded 
traces  of  sulplwir  in  their  analysis ;  but  the  experiment  can 
scarcely  be  regarded  as  sufficiently  accurate,  nor  as  pre- 
cluding the  supposition,  that  the  small  portion  of  sulphur 
might  have  been  contained  in  the  seeds. 

The  saline  substances  afforded  by  the  vegetable  analysis 
are  various,  and  are  frequently  in  considerable  quantity. 
Their  bases  are  usually  the  fixed  alkalis,  and  some  of  the 
earths,  particularly  lime  and  magnesia  j  the  acids  with 
which  these  are  combined  are  the  sulphuric,  muriatic  an4 
carbonic,  and,  in  more  sparing  quantity,  the  phosphoric. 
Silex  sometimes  exists  as  a  deposite  in  certain  parts  of 
plants,  particularly  in  the  stems,  and  is  generally  contained 
in  the  matter  which  remains  after  the  incineration  of  any 
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vegetable  substance.  This  residual  matter  too,  almost  al- 
ways contains  iron,  with  which  manganese  is  sometimes 
associated. 

It  is  not  easy  to  determine  exactly  in  what  state  these 
substances  exist  in  the  vegetable  matter.  Thus,  the  salts 
may  exist  in  it  in  the  state  in  which  they  are  obtained,  or 
they  may  be  formed  during  the  incineration  by  the  com- 
bination of  their  elements.  It  is  not  improbable,  that  even 
the  alkalis  and  earths  may  have  this  origin,  their  bases  only 
existing  perhaps  as  primary  ingredients  of  the  vegetable 
products,  though  from  the  nature  of  the  analysis  they  arc 
always  obtained  in  an  oxidated  state. 

These  various  substances,  it  is  obvious,  may  either  be 
formed  or  evolved  by  the  process  of  vegetation,  or  they 
may  be  derived  by  absorption  from  the  soil,  either  in  their 
primary  state,  or  in  the  state  in  which  they  are  obtained. 
Each  of  these  opinions  has  been  maintained.   The  former 
has  been  inferred,  from  the  fact,  that  so  many  vegetables 
grow  when  supplied  with  air  and  water  alone  ;  while,  in 
opposition  to  it,  it  has  been  urged,  that  the  water  had  not 
been  perfectly  free  from  foreign  matter,  and  that  from  this, 
or  from  the  materials  supporting  the  growing  vegetable, 
these  principles  might  derive  their  origin.    It  is  difficult, 
as  Mr  Davy  has  remarked,  to  obtain  any  earthy  substance 
free  from  all  saline  and  metallic  matter ;  even  water  which 
has  once  been  distilled  may  contain  minute  portions  of 
these,  and  the  atmosphere  holds  various  substances  in  a 
state  of  mechanical  suspension.     Hence  the  difficulty  of 
making  such  experiments,  so  that  the  result  shall  be  un- 
exceptionable.    And  in  plants  growing  in  the  soil,  there 
is  an  abundant  source  of  such  princlnles.  Some  facts  too, 
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which  have  been  long  known,  prove  the  connection  of  the 
saline  matter  in  vegetables  with  the  soil.  Thus,  marine 
plants  usually  contain  muriate  of  soda,  which  diminishes  in 
quantity,  however,  and  at  length  disappears  when  they  arc 
transplanted  to  an  inland  situation  and  certain  plants 
which  contain  nitre,  as  pellitory,  borrage,  and  others,  do 
not  flourish  but  in  a  soil  containing  nitrous  salts. 

The  researches  of  Saussure  on  the  analysis  of  vegeta- 
bles, the  results  of  their  incineration,  and  the  connection 
of  these  with  the  soil,  have  been  extensive  with  the  view 
of  elucidating  this  subject. 

He  established,  in  the  first  place,  that  analysis  discovers 
;<ill  these  substances  in  vegetable  mould  *  ;  and  farther,  that 
they  exist  in  solution  in  water  which  has  macerated  on 
that  mould  f .  He  also  found,  that  plants  absorb  small 
quantities  of  saline  substances,  when  these  are  presented 
to  their  roots  in  solution  in  water  J,  the  quantity  absorbed 
being  greater  with  regard  to  some  salts  than  with  regard 
to  others.  Since  these  substances,  therefore,  are  usually 
contained  in  the  soil,  and  since  they  are  capable  of  passing 
by  absorption  into  the  vegetable  system,  their  presence  in 
vegetables  is  rather  to  be  expected,  and  it  would  even  be 
surprising  if  they  were  entirely  wanting. 

Saussure  farther  found,  by  comparative  trials  on  plants 
supplied  with  pure  water,  and.  with  water  in  which  certain 
salts  were  dissolved,  that  the  saline  matter  which  had  been 
absorbed  remained  in  the  plant,  and  might  be  detected  in 
the  ashes  formed  by  its  combustion  [|.    It  likewise  follow- 
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ed,  from  other  comparative  experiments,  that  when  beans 
were  made  to  vegetate,  by  being  supphed  in  one  arrange- 
ment with  distilled  water,  being  planted  in  another  in  gravel 
in  glass  capsules  placed  in  the  open  fields  and  supplied  with 
rain-water,  and  in  a  third,  being  planted  in  the  common 
soil  in  pots, — in  all  these  cases,  the  quantity  of  ashes  they 
afforded  on  burning  was  different  i  from  100  parts  of  the 
dried  vegetable  matter  of  the  first,  3.9  parts  of  ashes  were 
obtained  ;  from  100  of  the  second,  7.5  parts;  and  from 
100  of  the  third,  12  parts  *. 

In  the  last  place,  the  proportions  of  the  elements  of  the 
ashes  have  almost  always  a  certain  relation  to  the  soil. 
Plants  which  have  vegetated  in  a  soil  that  has  originated 
from  the  disintegration  of  a  siliceous  rock,  furnish,  other 
circumstances  being  alike,  ashes  which  contain  less  lime 
and  more  silex  than  those  which  have  grown  in  a  calca- 
reous soil.  If  the  soil,  however,  contain  much  vegetable 
mould,  this  may  not  happen  :  the  ashes  will  then  be  alike. 
This  was  established  by  an  experiment  made  by  Lampa- 
dius.  H?  prepared  In  a  garden,  five  spots  of  four  feet 
square  surface,  and  one  foot  depth  ;  in  each  he  put  a  mix- 
ture of  a  pure  earth,  and  of  eight  pounds  of  animal  manure. 
He  sowed  rye-seeds  in  each ;  and  the  ashes  of  the  plants 
produced  were  found  to  contain  the  same  principles.  Lam- 
padius  concluded  from  this,  that  the  earths  found  in  vege- 
tables, or  at  least  some  of  them,  are  formed  in  vegetation  ; 
but,  as  Saussure  has  remarked,  the  manure  not  having  been 
analyzed,  might  contain  a  sufficient  quantity  of  those 
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earthy  and  saline  substances  most  congenial  to  the  plant, 
and  which  it  would  absorb  *. 

All  these  facts  appear  in  favour  of  the  conclusion,  that 
the  saline,  earthy,  and  metallic  substances  found  In  plants 
are  derived  from  the  soil. 

From  this  conclusion,  Saussure  explains  very  well  a 
number  of  facts  connected  with  the  production  of  ashes 
by  incineration  from  vegetables,  which  otherwise  have  not 
been  accounted  for  f .  Thus,  it  has  been  sufficiently  ascer- 
tained by  repeated  experiment,  that  herbaceous  plants  af- 
ford more  saline  matter  than  those  which  are  larger,  and 
have  more  wood.  Now  he  observes,  that  according  to  his 
experiments,  saline  matter  is  conveyed  into  the  plant  only 
by  absorption  of  water  holding  it  in  solution,  and  this  on- 
ly in  very  minute  quantity.  It  follows,  therefore,  that 
those  plants  which  absorb  and  transpire  most  should  con- 
tain the  largest  quantity  of  saline  matter,  as  the  largest 
quantity  must  be  conveyed  into  their  substance.  But  it  is 
proved,  by  the  experiments  of  Hales  and  Bonnet,  that  her- 
baceous plants  transpire  more  than  those  pf  a  larger  size. 

It  may  be  expected,  that  the  salin-?  matter  will  be  prin- 
cipally deposited  in  those  organs  in  which  transpiration  is 
performed.  These  are  chiefly  the  leaves  ;  and  according- 
ly, experiment  has  proved,  that,  in  a  given  weight,  the 
leaves  yield  more  saline  matter  than  any  other  part  of  the 
plant.  The  bark,  Saussure  found,  contains  more  than  the 
interior  parts,  and  obviously  from  a  similar  cause. 

When  the  parts  of  a  vegetable,  the  leaves  for  example, 
are  washed  repeatedly  with  water,  they  afford  a  smaller 
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quantity  of  ashes  on  burning,  than  when  burnt  without, 
this  previous  washing  ;  which  proves,  that  part  at  least  of 
the  saline  matter  obtained  by  their  incineration,  exists  as 
such  in  the  plant. 

It  is  to  be  added  to  this  general  statement,  that  although 
these  principles  are  chiefly  derived  from  the  soil,  Saussure 
found  reason  to  conclude,  from  some  experiments,  that 
the  atmosphere  fnay  afFord  a  portion  of  them.  The  ex- 
periment by  which  this  was  tp  be  determined  was,  ob- 
viously, to  cause  grains  to  grow  in  distilled  water,  and, 
by  a  comparative  experimerit,  to  determine  whether  the 
plants  produced  afforded  more  saline  or  earthy  matter  than 
was  contained  in  the  seed.  On  making  the  experiment, 
it  was  found,  that  there  was  a  small  increase  of  this  mat- 
ter during  the  vegetation,  which,  according  to  the  views 
of  Saussure,  had  probably  been  deposited  from  the  atmo- 
sphere on  the  leaves  of  the  plant  *. 


*  Rechercbes,  p.  304. 
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CHAP.  II. 

TJJE  PROXIMATE  PRIXCIPLES  ()[• 
ViiGETABLES. 

If  the  chemist,  in  the  examination  of  the  products  of 
the  vegetable  kingdom,  were  under  the  necessity  of  inves- 
tigating the  properties  and  composition  of  the  individual 
substances  produced  by  every  plant,  the  task,  from  its  ex- 
tent, could  scarcely  be  executed.  It  is  one,  however,  which 
is  altogether  unnecessary  ;  for  however  numerous  and  di- 
versified the  products  of  vegetation  may  appear  to  be,  they 
are  all  reducible  to  a  few  species,  capable  of  being  distin- 
guished by  appropriate  characters.  These  form  what  are 
named  the  Immediate  or  Proximate  Principles  of  Plants  : 
they  are  obtained  directly  by  a  very  simple  analysis,  and 
are  all  compounds  formed  by  the  combination  of  the  ulti- 
mate elements  of  vegetable  matter. 

Thus,  suppose  that  the  object  of  the  chemist  is  to  disco- 
ver the  composition  of  the  bark  of  any  vegetable,  he  does 
not  attempt  to  resolve  it  at  once  into  its  ultimate  elements, 
since  from  this,  without  an  intermediate  analysis,  little  in- 
formation would  be  gained.  But  he  endeavours  to  discover 
of  what  immediate  principles,  capable  of  being  separated 
and  distinguished  from  each  other,  it  is  composed.  If, 
with  this  view,  it  be  subjected  to  maceration  in  water,  it 
will  probably  communicate  to  the  water  colour^  taste,  arul 
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Other  sensible  qualities.  If  the  remaining  bark  be  next 
heated  with  water  in  close  vessels,  a  portion  of  fluid  distils 
over,  from  which,  on  standing,  an  oily  matter  may  sepa- 
rate, possessing  odour  and  taste  in  an  eminent  degree.  If 
the  matter  which  remains  is  digested  in  alkohol,  a  sub- 
stance may  probably  still  be  extracted,  which  had  hitherto 
resisted  the  action  of  the  water*  •,  and  by  repeated  experi- 
ments of  this  kind,  nothing  is  at  length  left,  but  the  inert 
ligneous  fibre.  If  it  be  now  inquired,  what  was  the  com- 
position of  the  bark,  the  analysis  warrants  the  conclusion, 
that  it  consisted  of  a  peculiar  matter  soluble  in  water  ;  of 
another,  not  soluble  to  any  extent,  but  volatile  at  the  tem- 
perature of  212  5  and  of  a  third  substance,  neither  solu- 
ble in  water  nor  volatile,  but  capable  of  being  dissolved 
by  alkohol.  These,  mixed  with  each  other,  and  attached 
to  the  insoluble  ligneous  fibre,  formed  the  bark.  In  a  si- 
milar manner,  the  seed  or  fruit  of  a  vegetable,  its  juices, 
or  any  of  its  productions,  may  be  analyzed. 

The  result  of  such  researches  is  the  discovery  of  a  cer- 
tain number  of  common  principles,  capable  of  being  dis- 
tinguished from  each  other  by  peculiar  properties,  and 
forming,  by  their  mixture  or  combination,  all  the  varieties 
of  vegetable  matter.  It  is  to  these  chiefly  that  the  atten- 
tion of  the  chemist,  so  far  as  it  is  directed  to  the  products 
of  the  vegetable  kingdom,  is  confined.  It  would  not  on- 
ly be  an  endless  task  to  examine  chemically  every  indivi- 
dual vegetable  substance,  but  it  would  be  one,  in  a  che- 
mical point  of  view,  comparatively  without  utility,  since 
many  would  be  found  so  much  alike,  that  no  discrimina- 
tion of  them  as  chemical  agents  could  be  established. 
One  essential  oil,  for  example,  may  differ  from  another  in 
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its  taste,  or  its  odour,  or  in  its  action  on  the  animal  sys- 
tem ;  and  similar  differences  may  exist  in  different  resins, 
or  different  gums.  They  are  with  propriety  observed  and 
recorded  by  the  naturalist,  or  by  the  physician,  as  they 
are  often  adapted  to  important  purposes  in  medicine  or  in 
the  arts.  But  by  the  chemist,  such  trivial  differences  must 
be  neglected.  They  probably  depend,  indeed,  on  varia- 
tions in  the  chemical  composition  of  the  different  sub- 
stances ;  but  such  variations  are  by  far  too  subtle  to  be 
traced  with  any  accuracy  by  chemical  analysis.  Thus, 
the  great  number  of  essential  oils  which  exist  in  the  vege- 
table kingdom  possess  the  same  general  chemical  qualities, 
and  would  afford,  on  decomposition,  the  same  ultimate 
principles  in  the  same  proportions ;  or,  if  any  difference 
of  proportion  were  observed,  it  could  never  be  clearly  es- 
tablished, that  this  was  the  cause  of  the  differences  in  their 
properties.  And  the  case  would  be  the  same  with  regard 
to  the  other  proximate  principles.  This  necessarily  leads 
to  a  more  general  examination,  or  the  chemist  must  rest 
satisfied  with  reducing  all  these  varieties  to  a  few  well-de- 
fmed  species ;  those  under  each  species  agreeing  in  all 
their  essential  chemical  properties  and  relations,  though 
they  may  vary  somewhat  in  their  sensible  qualities. 

The  first  step,  then,  in  the  consideration  of  the  vege- 
table substances,  is  the  discrimination  of  those  species,  or 
of  what  are  named  the  vegetable  Proximate  Principles. 
These  exist  in  the  entire  plant  in  various  states.  Some 
are  collected  in  particular  organs,  nearly  pure  ;  others  are 
mixed  with  the  common  sap,  or  with  each  other  i  and 
some  are  chemically  combined  together.  Different  me- 
thods, therefore,  are  employed  to  obtain  them  separate. 
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Sometimes  they  are  procured  by  spontaneous  exudation 
from  the  living  vegetable ;  some  may  be  obtained  by  me- 
chanical expression  ;  those  which  are  volatile  are  separat- 
ed by  the  due  application  of  heat,  and  others  are  extract- 
ed by  their  solubility  in  water,  allcohol,  or  other  solvents. 
"When  thus  obtained  separate,  their  properties  are  easily 
examined,  and  thus  the  requisite  discriminations  between 
them  are  established. 

In  the  last  place,  it  is  necessary  to  investigate  the  com- 
position of  these  substances.  This  is  a  subject  of  inquiry, 
however,  extremely  difficult :  it  is  liable  to  all  the  inac- 
curacies arising  from  a  complicated  analysis  ;  and  we  are 
slfogether  unable  to  bring  our  conclusions  to  the  surer  test 
which  synthesis  affords. 

The  first  mode  of  effecting  this  analysis,  and  the  one 
which  has  been  most  generally  employed,  is  the  applica- 
tion of  heat.  When  a  vegetable  is  raised  to  a  temperature 
superior  to  212°,  in  close  vessels,  the  superfluous  water  it 
contains  is  first  expelled :  its  decomposition  then  com- 
mences, and  its  elements  enter  into  new  combinations  :  a 
coloured  empyreumatic  oil  distils  over ;  this  is  accompa- 
nied and  followed  by  an  acid  which  condenses  in  the  fluid 
form :  a  quantity  of  aerial  fluid  is  also  extricated,  which, 
when  examined,  is  found  in  general  to  be  a  mixture  of 
carburetted  hydrogen,  carbonic  oxide,  and  carbonic  acid  ; 
and  a  quantity  of  charcoal  remains,  with  minute  portions 
of  salts,  earths,  and  metals,  which  the  vegetable  matter  had 
contained.  The  nature  of  this  analysis  is  sufficiently  evi- 
dent. The  vegetable  matter  does  not  consist  of  the  pro- 
ducts thus  obtained  ;  but  by  the  heat  applied,  the  balance 
•  of  attractions  subsisting  between  its  principles  has  been 
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broken  :  these  have  entered  into  new  combinations,  and 
have  formed  the  oil,  the  acid,  and  other  substances  which 
the  analysis  affords.  The  oil  results  from  the  union  of 
part  of  the  liydrogen  with  part  of  the  carbon  of  the  vege- 
table matter  j  the  acid,  from  the  combination  of  another 
portion  of  carbon  and  hydrogen  with  oxygen  ;  and  the  car- 
buretted  hydrogen,  and  carbonic  acid,  are  evidently  pro- 
ducts of  the  same  principles,  united  in  other  proportions- 

This  analysis  of  vegetables  by  fire  was  often  performed 
by  the  older  chemists.  They  supposed,  that  by  means  of 
it  they  might  discover  the  source  of  the  peculiar  properties 
of  different  kinds  of  vegetable  rijatter.  With  this  view, 
above  one  thousand  different  plants  were  analyzed  by  the 
members  of  the  French  Academy,  in  the  beginning  of  the 
last  century,  but  with  no  advantage :  the  same  products 
were  afforded  by  the  analysis  of  all  of  them ;  and  these 
products  not  being  such  as  pre-existed  in  the  mattor,.  ana- 
lyzed, but  originating  from  new  combinations  of  its  prin- 
ciples, could  give  no  just  idea  of  its  composition,  at  a  time 
when  these  ultimate  principles  were  entirely  unknown. 

Even  modern  chemistry  derives  limited  information  from 
such  an  analysis.  We  can  indeed  collect  all  the  products, 
and  we  can  farther  analyze  them,  so  as  to  determine  their 
composition,  or  ascertain  the  simple  substances  of  which 
they  are  formed,  and  the  proportions  in  which  they  are 
united  i  and  hence  it  might  be  concluded,  that  we  might 
determine  with  certainty  their  absolute  composition.  But 
in  such  experiments,  there  are  sources  of  error  unavoid- 
able, and  nearly  inappreciable.  From  slight  variations  of 
temperature,  the  new  combinations  formed  will  be  consi- 
derably varied  j  and  as  the  simple  substances  which  thus 
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act  on  each  other  are  capable  of  combining  in  numerous 
modes  and  proportions,  products  will  be  formed  whose 
composition  we  can  scarcely  exactly  determine.  We  are 
also  always  uncertain  what  proportion  of  the  products  of 
the  analysis  have  pre-existed  in  the  vegetable  matter,  ot 
have  been  actually  formed.  Thus,  we  can  never  know 
how  much  of  the  water  it  contained  has  been  decomposed, 
or  how  much  of  the  oil  or  acid  obtained  is  the  product  of 
new  combinations. 

Still,  from  such  an  analysis,  we  derive  some  general  in- 
formation on  the  composition  of  the  vegetable  products  j 
and  several  just  and  important  conclusions  from  experi- 
ments of  this  kind  are  to  be  found  in  the  works  of  modem 
chemists.  If,  for  example,  the  vegetable  substance  which 
is  exposed  to  heat  yield  a  large  quantity  of  acid,  we  con- 
clude, that  it  has  contained  a  considerable  quantity  of  oxy- 
gen as  a  constituent  part.  It  is  thus  that  we  discover  that 
gum  or  sugar  contains  much  more  oxygen  than  the  fixed 
or  volatile  oils  do.  If,  again,  it  yield  much  oil,  we  con- 
clude, that  it  contains  a  considerable  quantity  of  hydrogen, 
since  this  element  is  the  principal  constituent  part  of  em- 
pyreumatic  oil.  In  like  manner,  when  ammonia  or  prussic 
acid  is  afforded  by  this  kind  of  analysis,  we  infer,  that  the 
substance  operated  on  contains  nitrogen,  as  that  element  is 
necessary  to  the  formation  of  either  of  these  substances. 
In  the  same  manner,  are  discovered  the  earths  and  metals 
which  the  vegetable  may  contain  ;  and  from  the  quantity 
of  charcoal  which  remains,  we  can  draw  some  conclusion 
as  to  the  quantity  of  carbon  which  had  existed  in  its  com- 
position. 

Sometimes  the  proximate  principles  of  vegetables  are 
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analyzed  by  exposing  them  to  heat,  with  the  access  of  at- 
mospheric air,  and  collecting  the  products  of  the  combus- 
tion that  takes  place.  From  the  nature  of  these  products, 
we  can  ascertain  the  nature  of  its  component  principles  : 
and  from  the  quantities,  the  proportions  in  which  they 
were  united.  Oil,  for  example,  when  subjected  to  this 
analysis,  yields  carbonic  acid  and  water.  \Ve  conclude, 
therefore,  that  it  is  composed  of  carbon  and  hydrogen, 
since  these  principles  united  with  oxygen  form  these  pro- 
ducts, and  since,  if  any  other  simple  substance  had  exist- 
ed in  the  oil,  it  would  have  appeared,  either  pure,  or  in  / 
combination  with  oxygen.  We  can  even  determine  in  this 
manner  the  proportion  in  which  the  carbon  and  hydrogen 
existed  in  the  oil ;  for  knowing  what  quantity  of  carbon 
exists  in  a  given  quaniity  of  carbonic  acid,  and  wlxat  quan- 
tity of  hydrogen  exists  in  a  given  quantity  of  waterj — we 
discover  this,  by  determining  the  quantities  of  carbonic 
acid  and  water  produced  by  .the  combustion.  In  this  man- 
ner, Lavoisier  found,  that  expressed  oil  consists  of  twelve 
parts  of  carbon  united  with  three  of  hydrogen. 

The  proximate  principles  of  vegetables  are  likewise 
sometimes  analyzed  by  subjecting  them  to  spontaneous 
decomposition.  It  is  thus  that  sugar  is  brought  into  the 
state  of  fermentation  ;  and  from  the  products  of  the  fer- 
mentation, the  principles  of  the  saccharine  matter  are  de- 
termined. From  such  an  operation,  Lavoisier  inferred,  that 
sugar  is  composed  of  eight  parts  of  hydrogen,  twenty-eight 
of  carbon,  and  sixty-four  of  oxygen. 

Lastly,  the  analysis  of  these  substances  is  effected  by 
the  agency  of  the  acids,  which  communicate  to  them  oxy- 
gen, and  by  the  product  the  nature  of  their  acidifiable  base 
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is  ascertained.  The  nitric,  and  the  oxymuriatic  acid  in 
particular,  are  employed  with  this  intention. 

Such  are  the  methods  by  which  vegetable  matter  may 
be  analyzed.  And  though  the  results  are  not  absolutely 
accurate,  we  obtain,  at  least,  approximations  to  the  truth. 

The  following  are  the  proximate  principles  of  vegetables, 
that  have  beendiscriminatedwithsufficientprccision:  Gum, 
Fecula, Sugar,  Gluten,  Albumen,  Gelatin,  Fixed  Oil,  Wax, 
VolatileOil,  Camphor,  Resin,  Extract,  Caoutchouc,  Tanin, 
Acids,  Ligneous  Fibre.  To  these  have  been  added,  some 
that  are  more  equivocal,  as  the  colouring  matter,  the  aro- 
ma or  spiritus  rector,  the  bitter,  acrid,  and  narcotic  prin- 
ciples, and  some  others. 

No  uniformity  is  observed  in  the  distribution  of  any- of 
these  principles,  with  regard  to  the  different  parts  of  plants. 
The  ligneous  fibre  forms  the  basis  of  the  entire  vegetable  ; 
the  others  are  distributed  through  every  part  ;  gum,  for 
example,  being  found  in  the  roots,  bark,  leaves,  seed,  and 
fruit,  and  the  case  being  the  same  with  nearly  all  the  others. 
Gum,  fecula,  saccharine  matter,  and  oil  either  fixed  or 
volatile,  generally  form  the  matter  of  the  seeds  j  the  acids 
are  usually  contained  in  the  fruit  the  extractive  matter  is 
very  generally  diffused  through  the  vegetable  ;  tanin  is 
found  principally  in  the  bark  ;  the  fixed  oils  are  obtained 
in  general  either  from  the  seeds  or  fruit,  the  volatile  oils 
either  from  these,  or  from  the  wood,  bark,  or  leaves. 
Gum,  saccharine  matter,  and  resin,  often  compose  the  se- 
creted juices  which  spontaneous! v  exude. 
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OF  GUM  OR  MUCILAGE. 

This  principle  of  vegetable  matter  appears  to  be  one  of 
the  first  products  of  the  changes  to  which  the  sap  is  sub- 
jected in  the  process  of  vegetation.  It  is  contained  in  many 
plants  i  Is  found  principally  in  the  seeds  and  roots,  but 
also  in  the  stalks,  bark,  and  leaves  ;  arid  is  sometimes 
formed  in  such  quantity,  as  to  be  discharged  by  sponta- 
neous exudation  from  the  bark.  It  often  exists  in  combi- 
nation with  some  of  the  other  proximate  principles,  par- 
ticularly with  fecula,  sugar,  extractive  matter,  and  resin. 
There  are  seeds  and  roots,  however,  from  which  it  can  be 
extracted  nearly  pure,  as  from  the  seeds  of  the  Linum  usi- 
tatissimum,  or  the  roots  of  Althxa  officinalis.  When  dis- 
charged by  spontaneous  exudation,  it  is  generally  pure  ; 
and  from  some  of  the  gums  obtained  in  this  manner,  its 
characters  as  a  distinct  principle  are  derived. 

This  principle,  when  in  a  solid  state,  has  been  named 
Gum  •,  when  soft  or  liquid.  Mucilage ;  and  in  pharmacy, 
the  latter  term  is  applied  even  to  the  watery  solution  of 
gum.  Hermbstaedr,  however,  introduced  a  distinction 
between  gum. and  mucilage.  Gum,  according  to  this 
distinction,  forms  with  water  a  transparent  glutinous  so- 
lution, while  mucilage  forms  with  water  a  solution  more 
or  less  opaque  and  slippery.  They  may  even,  he  adds, 
be  separated  from  each  other,  by  adding  to  tlxeir  watery 
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solution  diluted  sulphuric  acid,  which  coagulates  the  mu- 
cilage without  affecting  the  gum  •,  the  latter  therefore 
remains  dissolved,  and  the  coagulated  mucilage  slowly 
subsides  from  it  *.  The  distinction  whh  regard  to  the 
appearance  of  the  solution,  is  one  of  no  great  importance, 
and  is  altogether  insufficient  to  establis'h  any  specific  dif- 
ference and  with  regard  to  the  mode  of  separating  mu- 
cilage from  gum,  given  by  Hermbstaedt,  Dr  Bostock  re- 
lates that  he  never  found  it  to  succeed.' 

Dr  Bostock,  however,  in  his  investigation  of  the  chemical 
properties  of  gum  f,  has  pointed  out  some  difFerences  in  the 
chemical  properties  of  substances  which  have  been  regard- 
ed as  varieties  of  it.  The  general  characters  of  the  spe- 
cies may  be  taken  from  a  pure  gum,  of  which  the  sub- 
stance named  Gum  Arabic  affords  an  example,  and  the 
peculiar  properties  of  other  varieties  belonging  to  it  may 
then  be  noticed. 

Gum  is  generally  in  small  fragments,  wrinkled,  and 
smooth  on  the  surface,  brittle,  semi-pellucid,  with  fre- 
quently a  tinge  of  yellow  or  red  :  it  is  inodorous  and  in- 
sipid: it  is  neither  fusible  nor  volatile:  when  heated,  it 
softens  and  blackens,  and  is  soon  decomposed  :  it  has  lit- 
tle inflammability  j  for  although,  when  heated  in  contact 
with  the  air,  its  carbon  or  hydrogen  may  combine  with 
oxygen,  yet  it  scarcely  presents  the  phenomena  of  com* 
bustion,  the  flame,  even  when  the  temperature  is  raised 
high,  being  scarcely  perceptible.  ' 

Gum  is  soluble  in  water,  either  cold  or  warm,  in  every 

*  Medical  and  Physical  Journal,  v.  i.  p.  75.  v,  iii.  p.  37Q' 
f  Nicholson's  Journal,  v.  xviii.  p.  36. 
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proportion.  Its  solution  is  viscid,  and,  when  the  propor- 
tion of  gum  is  considerable,  is  of  a  thick  consistence,  and 
is  adhesive.  By  evaporation,  the  gum  may  be  obtained  in 
a  concrete  form,  and  is  soluble  in  water  as  before. 

The  solution  of  gum  in  water  becomes  sour  on  being 
kept  for  some  time,  from  the  formation  of  a  portion  of 
acetic  acid.  This  change  is  said  to  arise  merely  from  the 
re-action  of  its  own  elements,  and  not  from  the  absorp- 
tion of  oxygen.  By  no  management  can  gum  be  made  to 
undergo  the  vinous  fermentation.  When  mixed  with 
yeast,  and  kept  in  the  proper  temperature,  it  retains  its 
natural  taste,  and  acquires,  after  a  number  of  days,  only  a 
peculiar  ahd  offensive  smell  *. 

Gum  is  insoluble  in  alkohol.  This  re-agent  even  pre- 
cipitates it  from  its  watery  solution,  or  rather  renders  the 
solution  milky,  and  is  the  test  by  which  gum  is  usually  re- 
cognised. It  is  also  insoluble  in  ether,  and  in  oils,  either 
volatile  or  fixed.  From  its  viscosity,  mucilage  serves  to 
diffuse  oil  more  perfectly  through  water,  and  to  retain  it 
in  this  state  of  diffusion,  forming  a  milky  mixture  ;  and 
for  this  purpose  it  is  employed  in  pharmacy. 

Gum  is  not  cjirectly  dissolved  by  any  of  the  concentrat- 
ed acids,  but  is  decomposed  by  them,  the  decomposition 
varying  as  to  its  products,  according  to  the  kind  of  acid, 
and  according  to  its  state  of  concentration.  Sulphuric 
acid  blackens  it,  or  evolves  a  quantity  of  its  carbon  :  it 
causes,  at  the  same  time,  part  of  its  oxygen  and  hydrogen 
to  combine  to  form  water  ;  and  a  portion  of  acetic  acid 
is  also  produced. 


*  Cniii-kshaiik  in  Rollo  on  Diahett-s,  p.  47'K 
Vol.  IV.  H 
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Nittic  acid  exerts  a  different  action  upon  it.  No  car- 
bonaceous matter  is  separated ;  but  the  elements  of  the 
gum  receive  oxygen  from  the  nitric  acid,  and  portions  of 
oxalic  acid,  malic  acid,  and  the  peculiar  acid  named  sac- 
cho-lactic,  are  formed.  The  products,  however,  appear 
to  be  different,  according  to  the  concentration  or  dilution 
of  the  nitric  acid,  and  according  as  its  action  on  the  gum 
is  promoted  or  not  by  heat.  Mr  Cruickshank  appears,  by 
using  a  diluted  acid,  to  have  obtained  from  gum  only  ox- 
alic acid,  a  small  portion  of  oxalate  of  lime  being  likewise 
deposited  from  part  of  the  acid  combining  with  the  por- 
tion of  lime  which  is  always  contained  in  gum.  From 
treating  an  ounce  of  gum  arabic  with  an  equal  proportion 
of  nitric  acid  properly  diluted,  the  quantity  of  crystals  of 
oxalic  acid  formed  amounted  to  3  drachms  36  grains.  With 
these  were  mixed  a  white  powder  amounting  to  about  6 
grains,  which  he  found  to  be  oxalate  of  lime  ;  nor  does 
any  saccho-lactic  acid  appear  to  have  formed  *.  • 

On  the  other  hand,  from  the  experiments  of  Fourcroy 
and  Vauquelin,  it  appears,  that  the  quantity  of  this  acid, 
produced  by  the  action  of  nitric  acid  on  gum,  is  consider- 
able, when  the  nitric  acid  is  concentrated,  and  its  action 
promoted  by  heat.  In  this  mode  of  making  the  experi- 
ment, from  14  to  26  parts  of  saccho-lactic  acid  were  ob- 

* 

tained  from  100  parts  of  gum.  If  the  acid  has  not  been 
boiled  on  the  gum,  or  if  it  has  not  been  concentrated  or 
employed  in  too  large  quantity,  malic  acid  is  also  formed 
with  the  oxalic  acid,  and  it  is  converted  into  this  latter 
acid,  by  the  continued  action  of  the  nitric  acid.  From  100 


*  RoUo  on  Diabetes,  p.  468. 
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parts  of  gum  arabic,  these  chemists  obtained  24-  of  malic 
acid,  care  being  taken  to  avoid  the  conversion  of  any  of 
It  into  oxalic  acid  *. 

Oxymuriatic  acid  converts  gum  principally  into  citric 
acid.  For  this  purpose,  it  requires  to  be  applied  in  its 
concentrated  state,  a  current  of  oxymuriatic  acid  gas  be- 
ing transmitted  through  a  solution  of  gum  in  water.  Vau- 
quelin,  who  made  this  experiment,  found  that  the  gum 
was  almost  entirely  converted  into  citric  acid  f.  Muriatic 
acid  exerts  little  action  on  gum.  It  may  be  dissolved  in  the 
concentrated  acid  ;  the  liquid  becomes  brown  ;  a  little  car- 
bon is  separated  j  the  gum  is  changed  in  its  properties,  but 
does  not  appear  to  be  converted  into  any  acid. 

The  alkalis  and  alkaline  earths,  when  dissolved  in  wa- 
ter, dissolve  gum  without  producing  on  it  much  change. 
Some  compound  salts  produce  effects  on  gum  of  some  im- 
portance, as  affording  characters  by  which  it  may  be  dis- 
tinguished. The  super-acetate  of  lead  has  no  sensible  ef- 
fect on  its  solution,  while  the  neutral  acetate,  or  Gou- 
lard's Extract  as  it  has  been  named,  gives  a  copious  dense 
white  precipitate.  Nitro-muriate  of  tin  does  not  precipi- 
tate it.  Solution  of  red  sulphate  of  iron  converts  its  so- 
lution into  a  transparent  orange-coloured  jelly.  A  solu- 
tion of  silicated  potash  renders  it  opaque  and  at  length  a 
precipitate  is  thrown  down,  forming  a  very  delicate  test 

The  decomposition  of  gum  by  heat  affords  that  mode  of 


*  Fourcroy's  System  of  Chemistry,  vol.  vii.  p.  197,  occ. 
f  Annales  de  Chimic,  tcm.  vi.  p.  178. 
J  Experiments  by  Dr  Bostock,  Nicholson's  Journal,  vol. 
:cvi;i.  p,  'JH. 
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analysis  by  which  wc  discover  with  most  accuracy  its  ele- 
ments and  their  proportions.    The  principal  product  is  an 
acid  liquid  formerly  regarded  as  a  peculiar  one,  and  named, 
as  being  obtained  from  the  decomposition  of  mucilage  by 
fire,  pyro-mucous  acid,  but  now  discovered  to  be  acetic 
acid,  disguised  a  little  by  a  small  portion  of  empyreumatic 
oil :  With  this  acid  liquor,  there  distils  also  a  portion  of 
empyreumatic  oil  ;  carbonic  acid  gas  and  carburetted  hy- 
drogen gas  are  produced,  and  there  is  a  residuum  of  char- 
coal, light  and  spongy.  From  this  analysis,  it  was  inferred, 
that  gum  consists  of  carbon,  hydrogen,  and  oxygen,  these 
being  the  elements  of  these  products.    The  quantity  of 
acid  being  greater  than  that  of  oil,  it  was  inferred,  that  gum 
contains  more  oxygen  than  some  of  the  other  vegetable 
principles  ;  while,  being  less  than  that  from  sugar,  it  was 
supposed  to  differ  from  this  principle,  in  containing  a 
smaller  proportion  of  oxygen.    The  proportions,  as  given 
by  Fourcroy  and  Vauquelin,  were  23.08  of  carbon,  11.54 
of  hydrogen,  and  65.38  of  oxygen.    The  experiments  of 
Mr  Cruickshank  have  thrown  more  light  on  its  composi- 
tion.   He  observed,  that  when  the  pyro-mucous  acid  ob- 
tained in  its  analysis  by  heat,  was  saturated  with  lime,  a 
strong  smell  of  ammonia  was  perceptible  ;  hence  this  alkali 
had  been  formed  in  the  decomposition  of  the  gum,  and  of 
course  nitrogen  must  enter  into  the  composition  of  this 
substance.    He  farther  found,  that  the  residual  charcoal 
contained  a  lit'io  lime,  in  part  combined  with  phosphoric 
acid.    From  one  ounce  of  gum  arable  exposed  to  heat  in 
a  retort,  there  were  obtained  3  drachms  and  30  grains  of 
pyro-mucous  acid,  diluted  with  water,  and  mixed  with  a 
little  empyreumatic  oil  j  the  residuum  of  charcoal  amount- 
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ed  to  1  drachm  4G  grains  •,  273  ounce  measures  of  aerial 
fluid  were  collected  in  the  apparatus  connected  with  the 
retort,  of  which  93  were  carbonic  acid,  and  the  remaining 
180  that  variety  of  carburetted  hydrogen  that  is  obtained 
from  moistened  charcoal  by  exposure  to  heat.  The  char- 
coal, when  burnt,  left  a  whitish  powder,  amounting  to  a- 
bout  10  grains,  which  was  found  to  be  lime,  mixed  with 
a  very  small  portion  of  calcareous  phosphate.  Similar  re- 
sults were  obtained  from  the  substance  named  gum  traga- 
canth ;  one  ounce  of  it  yielded  4-  drachms  5  grains  of  pyro- 
mucous  acid,  1  drachm  4-5  grains  of  charcoal,  78  ounce 
measures  of  carbonic  acid  gas,  and  91  ounce  measures  of 
carburetted  hydrogen  gas.  The  acid,  when  supersaturat- 
ed with  lime,  gave  more  ammonia  than  was  disengaged 
from  the  acid  obtained  in  the  decomposition  of  gum  arable; 
the  charcoal,  when  burnt,  left  a  white  residuum  of  1^ 
grains,  wliich  was  found  to  consist  of  lime,  with  a  little 
calcareous  phosphate.  Lime  was  also  discovered  by  re- 
agents in  the  solution  of  gum  arable  in  water :  when  a 
small  quantity  of  sulphuric  acid  was  dropped  into  it,  needle- 
like  crystals  were  slowly  deposited  ;  and  when  these  were 
re-dissolved  in  distilled  water,  and  oxalate  of  ammonia 
added,  a  copious  precipitate  of  oxalate  of  lime  immediate- 
ly took  place  *. 

Vauquelin  has  given  some  additional  facts  on  the  ana- 
lysis of  gum.  He  not  only  found  carbonate  of  lime,  with 
a  little  phosphate  of  lime  in  the  ashes  left  after  the  com- 
bustion of  gum,  but  hkewise  a  small  quantity  of  oxide  of 
iron.  The  lime  he  supposes  to  exist  in  it,  combin£d  with 
an  acid  •,  as  the  solutions  of  gum,  instead  of  giving  any  in- 

*  RoUo  on  Diabetes,  p.  46^?.  4G.5, 
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dications  of  pure  lime,  indicate  acidity;  and  a  bit  of  gum, 
rubbed  on  paper  moistened  with  a  blue  vegetable  juice, 
rendered  it  red.  The  only  soluble  compounds  of  lime 
with  a  vegetable  acid  are  those  with  the  malic  and  with 
the  acetic.  The  former  is  only  soluble  with  an  excess  of 
acid  i  it  is  probable,  therefore,  that  it  is  with  the  acetic 
acid  that  it  is  combined, — a  probability  confirmed  by  the 
consideration,  that  acetic  acid  exists  in  the  sap  of  vegeta- 
bles of  wiiich  gum  appears  to  be  one  of  the  first  products  *. 

From  the  experiments  on  the  composition  of  gum,  it  fol- 
lows, that  its  ultimate  elements  are  carbon,  hydrogen,  and 
oxygen,  the  proportion  of  oxygen  being  less  than  in  sac- 
charine matter ;  but  that  with  these  are  also  combined 
smaller  proportions  of  nitrogen  and  lime.  From  the  ad- 
dition of  these  last  elements,  an  important  difference  is  es- 
tablished between  gum  and  other  two  principles  with 
which  it  has  some  relations,  fecula  and  sugar :  they  are 
capable  of  being  made  to  pass  into  the  vinous  fermenta- 
tion, which  gum  is  not;  and  this  difference  appears  to  be 
owing  to  their  presence,  principally,  perhaps,  to  that  of 
the  lime.  Mr  Cruickshank  accordingly  found,  that  when 
lime  was  added  to  a  solution  of  sugar,  the  latter  was  ren- 
dered incapable  of  undergoing  the  fermentative  process  f. 

Gum  is  usually  obtained,  either  by  spontaneous  exuda- 
tion, or  by  incisions  made  in  the  trunk  and  branches  of 
trees.  Its  existence  in  vegetables  is  easily  detected.  The 
vegetable  substance  is  boiled  with  water  :  the  water  dis- 
solves the  gym  ;  and  if  the  vegetable  contained  much  of 
it,  the  decoction  will  be  glutinous.   It  may  be  allowed  to 


*  Nicholson's  Journal,  vol.  xii.  p.  256. 
f  RoUo  on  Diab'-tcs,  p.  471. 
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Stand  till  the  impurities  have  subsided:  it  is  then  to  be  e- 
vaporated  to  the  consistence  of  thin  syrup.  The  addition 
of  three  parts  of  alkohol  will  precipitate  the  gum.  The 
effects  from  the  other  tests  already  mentioned,  also  dis- 
tinguish it. 

Of  the  different  gums,  those  obtained  by  spontaneous 
exudation  are  the  purest,  though  they  also  differ  in  purity, 
and  in  some  of  tlieir  qualities,  as  produced  from  different 
plants.    The  purest  of  them,  the  Gum  Arabic,  is  the  pro- 
duce of  the  Mimosa  nilotica,  a  plant  a  native  of  Egypt  and 
Arabia.    It  is  white  or  yellowish,  serai-transparent  and 
brittle,  perfectly  insipid,  and  free  of  odour.    It  is  easily 
soluble  in  water,  forming  a  viscid  solution.    Gums  exude 
from  the  cherry,  plum,  and  other  trees  of  this  country, 
-very  similar  in  their  qualities  to  the  gum  arable,  but  less 
pure,  and  more  coloured.    Dr  Bostock  has  found,  that  the 
effects  of  re-agents  on  the  cherry-tree  gum  are  different 
from  those  they  produce  on  gum  arable.  Acetate  of  lead 
does  not  throw  down  a  precipitate  from  the  mucilage  of 
the  cherry-tree  gum,  as  it  does  from  that  of  the  other  j 
there  is  only  a  slight  tendency  to  coagulation  occasioned, 
and  the  gum  is  at  length  separated  from  its  solvent,  in 
fine  filaments.  Nitro-muriate  of  tin  converts  it  into  a  so- 
lid jelly;  the  solution  of  red  sulphate  of  iron  causes  no 
precipitation  nor  coagulation  in  its  solution  ;  neither  does 
alkohol  precipitate  it :  a  number  of  filaments  are  formed, 
but  the  greater  part  of  the  mucilage  appears  to  incorporate 
with  the  alkohol. 

Another  substance,  which  has  been  ranked  as  a  gum, 
is  that  named  Tragacanth,  the  produce,  by  exudation,  of 
the  Astragalus  tragacantha.    It  has  always  been  observed, 
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that  though,  in  the  greater  number  of  its  properties,  it  is 
similar  to  gum,  there  are  some  in  which  it  differs  ;  and 
Hermbstaedt,  from  these  differences,  considered  it  as  a  va- 
riety of  what  he  named  Mucilage.    It  is  not  so  easily  so- 
luble in  water  as  gum.    When  put  into  cold  water,  it 
merely  softens  and  swells  without  being  dissolved.  When 
boiled  in  water,  it  is  so  far  dissolved  as  to  communicate 
to  the  liquor  a  very  great  degree  of  viscidity  ;  a  very  small 
quantity  giving  even  the  consistence  of  a  jelly  ;  but  the 
solution  remains  somewhat  turbid,  with  a  number  of  fila- 
ments diffused  through  it.  The  effects  of  several  re-agents 
upon  it  are,  according  to  Dr  Bostock's  experiments,  differ- 
ent from  those  in  gum  arabic.    Nitro-muriate  of  tin,  in 
particular,  forms  with  its  mucilage  immediately  a  firm  co- 
agulum  ;  the  solution  of  red  sulphate  of  iron  neither  co- 
agulates nor  precipitates  it ;  and  it  is  not  precipitated  by 
silicated  potash. 

The  mucilages  extracted  by  infusion  from  a  number  of 
seeds  or  roots,  such  as  the  linseed,  quince  seed,  althaea-root, 
&c.  have  the  general  qualities  of  solution  of  gum,  being 
thick  and  viscid,  insipid,  inodorous,  and  indefinitely  solu- 
ble in  vi'ater.  Yet  they  also  exhibit  some  differences,  e- 
specially  from  the  effects  of  re-agents.  Mucilage  of  lin- 
seed is  not  precipitated  by  silicated  potash,  nor  is  it  affect- 
ed by  red  sulphate  of  iron,  while  super-acetate  of  lead  and 
nitro-muriate  of  tin  occasion  in  it  a  considerable  opacity. 
Alkohol  precipitates  slowly  from  it  its  solid  matter  in  a 
fibrous  form,  without  rendering  the  fluid  opaque.  The 
other  mucilages  appear  not  to  differ  much  from  this. 

The  differences  which  thus  exist,  in  different  substan- 
.  ces  regarded  as  varieties  of  gum,  particularly  in  the  effects 
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of  different  re-agents,  do  not  appear  to  be  very  essential ; 
it  can  scarcely  even  be  aflirmed  that  they  are  constant,  for 
the  results  are  often  different  in  the  experiments  of  differ- 
ent chemists ;  they  probably  frequently  arise  from  some 
degree  of  intermixture,  as  from  a  small  portion  of  fccula, 
or  other  analogous  principles  being  extracted  along  with 
the  gum  ;  and  even  when  they  do  not  depend  on  this,  they 
probably  arise  from  slight  variations  of  composition,  whicli 
cannot  be  regarded  as  sufficient  to  change  the  essentiii 
cliaracters  of  the  species.  Mr  Cruickshank  accordingly 
found,  that  gum  arable  and  tragacanth,  wliich  may  be 
placed  at  the  two  extremities  of  the  series,  as  deviating 
most  in  their  properties,  are  of  the  same  composition  ;  they 
afforded,  when  decomposed,  not  only  the  same  product^, 
composed  of  carbon,  hydrogen  and  oxygen,  but  gave  the 
nitrogen  and  lime  which  are  more  peculiar  to  the  consti- 
tution of  gum. 

From  some  of  the  vegetables  of  this  country,  gum  or 
mucilage  may  be  extracted  in  such  quantity,  that  they  af- 
ford a  source  whence  an  abundant  supply  may  be  derived 
for  its  consumption  in  some  of  the  arts,  particularly  in  ca- 
lico-printing, in  which  it  is  largely  used.  Mr  Willis  some 
years  ago  observed,  that  the  root  of  the  plant  called  blue- 
bells or  hare-bells  (Hyacinthus  non-scrlptus)  is  extreme- 
ly mucilaginous.  A  pound  of  the  bulbs  of  this  root,  when 
dried,  yielded  about  four  ounces  of  a  powder,  which,  by 
maceration  in  water,  gives  a  strong  mucilage,  and,  when 
tried  for  the  purpose  of  thickening  tlfe  mordant  and  fixing 
the  colours  in  calico-printing,  was  found  to  answer  equal- 
ly well  with  gum  arable,  when  used  in  tlie  same  propor- 
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tion  *.  He  has  since  discovered  other  vegetables,  the  roots 
of  which  afford  a  mucilage  equally  strong  with  that  of  the 
Hyacinthus  non-scriptus,  particularly  the  vernal  squil 
(Scilla  verna)  and  the  white  lily  (Lilium  candidum),  and 
which  might  be  used  as  substitutes  for  gum  arabic  when 
it  bears  a  high  price  f .  Some  experiments  on  the  muci- 
lage of  the  Hyacinthus  non-scriptus,  and  on  its  application 
to  useful  purposes,  have  been  likewise  made  by  Leroux. 
lie  has  given  different  methods  of  preparing  it :  that  which 
on  the  whole  answers  best,  is  to  macerate  the  bulbs  of 
the  root  in  a  sufficient  quantity  of  water  to  form  a  thick 
mucilage,  which  is  expressed,  and  dried  by  exposure  to  the 
air.  This  mucilaginous  matter  appears,  from  his  experi- 
ments, to  have  all  the  properties  of  gum  ;  it  afforded  the 
same  products  by  analysis,  and  suffered  similar  change* 
from  the  action  of  the  acids  :|:.  Dr  Bostock  has  remarked, 
that  it  obviously  contains  a  quantity  of  starch. 

A  discovery  of  perhaps  still  more  importance  in  the  arts, 
is  that  of  a  method  of  extracting  a  mucilage,  which  may 
be  employed  as  a  substitute  for  gum,  from  the  different 
lichens  which  grow  on  the  bark  of  our  common  trees  and 
shrubs.  The  method  was  discovered  and  made  public  by 
Lord  Dundonald  §.  "  The  lichen  dees  not  consist  entire- 
ly of  a  gummy  matter.  There  is  the  outer  skin  or  cuti- 
cle ;  below  that  a  green  resinous  matter ;  the  remainder 
of  the  plant  consists  of  partly  gum,  partly  a  matter  some- 


*■  Nicholson's  Journal,  8vo,  vol.  vii.  p.  30. 
f  Ibid.  vol.  ix.  p.  234-. 
j:  Annates  de  Chimie,  torn.  xl.  p,  145. 
§  Philosophical  Magazine,  vol.  x.  p.  293. 
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what  analogous  to  animal  substances,  and  a  small  propor- 
tion of  fibrous  matter,  which  cannot  be  dissolved  by  boil- 
ing, or  the  action  of  alkaline  salts. 

*•  The  first  process  in  preparing  gum  from  the  lichen  is 
to  free  it  of  the  outer  skin  of  the  plant  and  the  resinous 
matter.  This  is  done  by  scalding  the  lichen  two  or  throe 
times  with  boiling  water,  allowing  it  to  remain  so  long  in 
the  water  as,  by  absorbing  it,  to  swell :  in  doing  this,  the 
fekin  cracks,  and  comes  off  along  with  the  greatest  part  ot 
the  resinous  matter.  Or  it  may  be  freed  from  them  by 
gently  boiling  the  lichen  for  about  fifteen  or  twenty  mi- 
nutes, then  washing  it  In  cold  water,  laying  it  afterwards 
upon  a  stone  or  brick  floor,  where  it  should  lie  for  ten  or 
twelve  hours,  or  perhaps  more.  The  reason  for  this  is, 
that  the  exposure  for  that  time  to  air  greatly  facilitates  the 
subsequent  extraction  of  the  gum. 

♦*  The  scalded  lichen  is  then  to  be  put  into  a  copper 
boiler  with  a  due  proportion  of  water,  two  wine  gallons 
to  every  pound  of  lichen,  and  boiled  during  four  or  five 
hours,  adding  about  half  an  ounce  or  tliree  quarters  of  an 
ounce  of  soda  or  pearl-ashes  for  every  pound  of  lichen  ; 
or,  instead  of  these  salts,  about  half  an  English  pint  of 
volatile  alkali.  The  boiling  should  be  continued  until  the 
liquor  acquires  a  considerable  degree  of  gummy  consist- 
ence. It  is  then  to  be  taken  out  of  the  boiler,  and  allowed 
to  drain  through  a  wire  or  hair  cloth.  The  residuum  is  to 
be  put  into  a  hair-cloth  bag,  and  to  be  squeezed  in  a  press 
similar  to  that  which  is  used  by  the  melters  or  rinders  of 
tallow, 

"  The  first  boiling  does  not  extract  the  whole  of  the 
gum.    The  lichen  should  be  boiled  a  second  and  even  a 
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third  time,  repeating  the  process  as  above  described,  di- 
minishing at  each  process  the  quantity  of  water  and  the 
quantity  of  alkali,  which  a  little  experience  will  soon  point 
out.  When  three  boilings  are  employed,  the  gummy  ex- 
tract of  the  last  boiling  should  be  kept  for  the  first  boiling 
of  a  fresh  batch  of  lichen.  The  extract  proceeding  from 
the  first  and  second  boilings  should  be  mixed  together, 
and  evaporated  to  the  consistence  necessary  for  block  or 
press  printing.  The  evaporating  vessels  should  be  of  tin 
or  thin  lead,  placed  over  a  range  of  stoves,  and  moderately 
heated  by  fire  or  the  steam  of  water." — "  "When  this  mu- 
cilage is  to  be  employed  for  making  ink,  manufacturing 
and  staining  paper,  and  for  stiffening  silks,  crapes,  and 
gauzes,  it  should  be  extracted  from  the  lichen  without  em- 
ploying any  alkaline  salts,  continuing  the  boiling  or  diges- 
tion longer,  and  with  a  moderate  degree  of  heat,  in  which 
case  the  gummy  extract  will  be  nearly  colourless.  When 
volatile  alkali  is  used,  the  boiler  should  be  of  iron,  as  vola- 
tile alkali  acts  on  copper."  From  a  calculation  which 
Lord  Dundonald  adds,  it  appears,  that  the  mucilage  thus 
obtained  may  be  used  with  much  advantage  as  a  substitute 
for  gum  ;  and  it  has,  I  believe,  been  employed  by  the 
calico-printers  of  this  country,  at  least  in  some  of  their 
processes.  There  is  some  reason  to  believe,  that  the  sub- 
stance thus  extracted  from  lichen  approaches  nearer  to  the 
nature  of  fecula  than  of  gum.  It  is  highly  nutritious  ;  and 
Proust  in  a  memoir  on  its  use  as  food,  has  remarked,  that 
it  is  not  soluble  in  cold  vt^ater  *. 

Pure  gum  is  not  an  active  substance,  considered  as  tq  its 


*  Nicholson's  Journal,  vol.  xvi.  p.  210. 
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Action  on  the  living  system.  In  medicine,  it  is  only  used 
for  its  lubricating  quality;  and  so  little  activity  does  it  ex- 
ert, that  it  has  often  been  taken  for  a  considerable  time  as 
an  article  of  food.  Though  thus  inactive,  the  virtues  of 
many  vegetables  depend  on  a  gummy  matter. 

From  its  chemical  properties,  gum  is  of  rather  more  im- 
portance. As  a  component  part  of  vegetable  matter,  it 
renders  the  other  parts  more  soluble  in  watery  liquors.  In 
pharmacy,  it  is  often  used  as  a  medium  to  suspend  oils, 
balsams,  and  resins,  in  water.  In  the  arts,  the  different 
gums  are  applied  to  various  purposes,  from  their  adhesive* 
quality,  and  to  diffuse  powders  in  watery  fluids  they  are 
Jius  used  in  dying,  ink-making,  calico-printing,  &c. 


SECT.  II. 

TECULA,  OR  STARCH. 

The  term  Fecula,  or  Starch,  is  appropriated  to  a  sub- 
stance existing  in  vegetables,  similar  in  many  of  its  pro- 
perties to  gum.  It  is  a  dry,  white,  insipid  powder,  which 
forms  the  principal  part  of  the  nutritive  grains  and  roots. 
It  is  extrainted  from  them  by  beating  them  in  water,  or  by 
working  the  powder  of  them,  made  into  a  paste  with  wa- 
ter, in  the  hand  :  the  soluble  parts  are  dissolved  ;  the  fi- 
brous and  glutinous  parts  remain  unaltered  ;  and  there  is 
diffused  through  the  water  a  fane  white  powder,  which 
gradually  subsides,  and  may  be  dried.  This  is  termed  the 
Fecula  of  the  plant. 

If  wheat  flour,  for  e.xample,  be  subjected  to  this  opera- 


1C6'  ©F  FECUIA, 

tion, — if  a  quantity  of  it  is  made  into  a  paste  with  water, 
inclosed  in  a  bag,  and  wrought  constantly,  while  a  stream 
of  water  is  poured  upon  it,  the  greater  part  of  it  is  carried 
off  in  the  form  of  a  white  powder,  which  forms  the  sub- 
stance commonly  named  Starch.  This  is  a  pure  fecula. 
A  similar  product  may  be  obtained  from  rye,  and,  in  ge- 
neral, all  those  grains  which  are  used  as  food.  It  can  also 
be  obtained  from  the  potatoe,  and.  from  other  roots  and 
stems  of  plants.  Sometimes  it  is  extracted  from  the  most 
poisonous  or  acrid  plants,  the  poisonous  or  acrid  matter 
being  soluble  in  the  water,  and  being,  of  course,  easily  se- 
parated from  the  fecula. 

The  principal  of  these  is  the  starch  of  wheat,  which  is 
prepared  in  the  following  manner  :  The  grain,  well  clean- 
ed, is  kept  in  cold  water  until  it  soften  and  swell,  so  that 
the  husk  separates;  by  pressure,  it  then  gives  out  a  milky 
fluid.  The  grains  are  put  into  a  hempen  bag,  and  press- 
ed or  beat,  cold  water  being  poured  on  them  in  sulBcient 
quantity.  The  fecula  is  pressed  out,  and  diffused  through 
the  water.  As  the  water  receives  from  the  grain  at  the 
same  time  a  quantity  of  saccharine  matter,  it  soon  runs, 
in  the  temperature  at  which  it  is  kept,  into  the  acetous 
fermentation  ;  and  the  weak  acid  thus  formed,  by  digest- 
ing on  the  fecula,  renders  it  whiter  than  it  otherwise 
would  be,  apparently  by  dissolving  part  of  the  gluten  of 
the  wheat.  After  it  has  subsided,  the  clear  liquor  is  run 
off;  the  precipitate  is  repeatedly  washed  with  water;  it  is 
then  pressed  in  a  cloth,  is  cut  into  small  pieces,  and  dried 
with  a  moderate  heat*. 

*  The  process,  as  it  is  conducted  in  this  country,  is  more 
particularly  described  in  Aikin's  Chemical  Dictionary,  article 
Starch. 
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When,  by  any  process  of  this  kind,  a  fecula  is  obtained 
pure,  it  exists  under  the  form  of  a  light  white  powder,  ' 
easily  divisible,  and  very  soft  to  the  touch,  and  when  sur- 
veyed in  a  strong  light,  appearing  to  be  in  the  state  of 
minute  brilliant  grains  :  it  is  insipid,  and  inodorous.  Some- 
times it  remains  united  with  some  of  the  other  principles 
of  the  plant,  from  which  it  receives  colour,  smell,  or  taste. 

The  peculiar  property  by  w  hich  this  principle  is  clearly 
distinguished  from  every  other,  is  its  complete  insolubility 
in  cold  water,  while  with  hot  water  it  forms  a  gelatinous 
solution.  Its  insolubility  in  cold  water  is  very  evidently 
shown  in  the  mode  in  which  it  is  prepared,  as,  although 
it  is  agitated  in  the  water,  and  suspended  in  a  state  of  very 
minute  division,  no  part  of  it  is  dissolved.  Its  solubility 
in  hot  water  is  discovered,  by  diffusing  a  little  of  it  In  cold 
water,  and  heating  the  mixture  to  a  temperature  of  160  or 
180,  or  by  pouring  boiling  water  on  it.  In  either  case, 
a  solution  of  It  takes  place,  more  or  less  gelatinous,  ac- 
cording to  the  proportion  of  water  employed.  This  jelly 
may  be  dried  into  a  stiff  hard  mass,  which  is  still  insolu- 
ble in  cold,  soluble  in  hot  water. 

By  forming  a  gelatinous  solution  in  hot  water,  fecula  ap- 
pears to  approach  to  the  nature  of  gum  •,  but  its  insolubi- 
lity in  cold  water  distinguishes  between  them,  and  charac- 
terizes it  as  a  peculiar  principle. 

There  is  another  chemical  quality  by  which  It  is  not 
less  unequivocally  distinguished  ;  It  is  capable  of  being 
converted  into  sugar,  and  of  thence  passing  into  the  vin- 
ous fermentation,  which  neither  gum  nor  any  of  the  other 
vegetable  principles  is. 

Fecula  is  entirely  insoluble  in  alkohol,  or  in  ether. 
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Exposed  to  heat  in  contact  with  the  air,  it  blackens, 
swells  up,  and  forms  a  spongy  chorcoal.  If  strongly  heat- 
ed, it  burns.  When  heated  in  close  vessels,  it  affords  a 
large  quantity  of  dilute  pyro-mucous  or  acetic  acid,  with 
a  little  empyreumatic  oil  ;  carbonic  acid  and  carburetted 
hydrogen  gases  are  extricated,  and  a  portion  of  charcoal 
remains.  From  this  analysis,  fecula  appears  to  be  a  ternary 
compound  of  carbon,  hydrogen,  and  oxygen.  Some  traces 
of  phosphate  of  lime  are  to  be  found  in  its  ashes;  but  this 
may  arise  from  the  gluten  often  associated  with  fecula,  a 
small  portion  of  which  may  adhere  to  it. 

The  action  of  the  acids  on  fecula  is  somewhat  analogous 
to  that  which  they  exert  on  gum.  When  much  diluted 
with  water,  they  dissolve  it,  especially  if  the  temperature 
be  raised,  and  form  a  gelatinous  solution.  If  concentrat- 
ed, they  decompose  it.  Sulphuric  acid  blackens  it,  by 
evolving  a  portion  of  charcoal ;  and  water  and  acetic  acid 
are  formed.  Nitric  acid  does  not  char  it,  but  dissolves  it, 
and  ajffbrding  oxygen,  converts  it  into  malic  and  oxalic 
acids.  This  action  takes  place  most  completely  when  the, 
nitric  acid  is  a  Itttle  diluted,  and  a  moderate  heat  applied. 
Muriatic  acid  dissolves  it,  producing  a  decomposition 
which  has  not  been  examined. 

The  alkalis,  when  in  solution  in  water,  dissolve  fecula  or 
reduce  it  to  the  consistence  of  a  jelly,  without  the  assist- 
ance of  heat.  The  acids  separate  it  from  this  combination. 
Dr  Bostock  finds,  that  the  solution  of  starch  is  precipitat- 
ed very  copiously  by  acetate  of  lead,  the  combination  of 
the  starch  and  oxide  of  lead  being  so  complete,  that  the 
water  of  the  solution  remains  limpid.  Nitro-muriate  of 
an  throws  down  likewise  an  abundant  precipitate.  Sill- 
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cated  potash  causes  no  obvious  change.  Alkohol  throws 
down  a  precipitate  similar  to  that  from  solution  of  gum. 

There  are  few  plants  which  do  not  afford  more  or  less 
of  this  principle ;  and  it  is  contained  in  all  the  nutritive 
seeds  and  roots.  It  is  generally  mixed  or  combined  with 
other  principles,  and  sometimes  intimately,  so  as  not  to  be 
easily  separated.  It  does  not  appear  to  be  completely  form- 
ed but  in  certain  states  of  vegetation.  Thus,  in  the  nutri- 
tive grains,  it  is  perfect  only  when  they  have  attained  ma- 
turity :  previous  to  that  period,  it  is  in  a  state  approach- 
ing to  mucilage  mixed  with  saccharine  matter.  It  Is  pro- 
bably formed  from  mucilage  in  the  progress  of  vegetation  ; 
and  Leroux,  in  his  experiments  on  the  mucilage  of  some 
of  the  tuberose  roots,  observed,  that,  in  the  mere  dry- 
ing of  the  mucilage,  especially  towards  the  end  of  the  pro- 
cess, when  the  matter  began  to  los^its  humidity,  a  portion 
of  it  appeared  to  be  converted  into  fecula  *. 

This  principle  is  sometimes  employed  in  its  pure  state 
medicinally,  from  its  nutritious  quality,  and  from  being 
easy  of  digestion.  Sago  and  salop  are  feculas  of  this  kind. 
The  former  is  the  produce  of  the  Cycas  circinalis,  and  is 
extracted  from  the  pith  of  the  stem  and  branches,  by  ma- 
ceration in  water  :  it  is  washed,  passed  through  a  perfora- 
ted copper  plate,  so  as  to  reduce  it  to  grains,  which  are 
dried.  Salop  is  the  produce  of  the  Orchis  mascula.  Ar- 
row-root powder  is  said  to  be  the  produce  of  the  Maranta 
arundinacea.  Cassava  is  prepared  from  the  tuberose  root 
of  the  manioc,  (]atropha  Manihot).  With  the  fecula  of 
this  root,  there  is  associated  an  acrid  and  poisonous  juice. 


*  Annales  de  Chimie,  torn.  xl.  p.  156. 
Vol.  IV.  I 
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which  is  however  completely  separated  by  washing,  lu  the 
process  by  which  it  is  extracted.  The  roots  of  the  Bryonia 
alba  and  the  Arum  maculatum  are  likewise  composed  prin- 
cipally of  fecula,  associated  with  acrid  matter,  which  is  se- 
parated in  the  process  by  which  the  fecula  is  extracted 
from  them.  These  two  were  formerly  prepared  for  me- 
dicinal use.  Wheat  affords  perhaps  a  larger  quantity  of 
fecula  than  any  other  vegetable  substance,  and  in  a  state  of 
perfect  purity.  A  very  pure  fecula,  in  large  quantity,  is 
also  extracted  from  the  potatoe,  the  root  being  peeled,  well 
cleaned  and  rasped,  the  pulp  placed  on  a  hair-sieve,  and 
water  poured  on  it  until  the  fecula  is  extracted,  which,  af- 
ter being  deposited,  is  washed  and  dried.  It  amounts,  ac- 
cording to  Dr  Pearson's  experiments,  to  from  1 5  to  17  parts 
in  1 00  of  the  root,  the  remaining  parts  being  water,  with 
S  or  9  of  fibrous  matter,  and  5  or  6  of  mucilage  *  :  this 
fecula  has  been  used  as  a  substitute,  ui  stiffening  linen,  and 
similar  purposes,  for  the  starch  of  wheat.  Lastly,  some  of 
the  lichens  contain  a  large  quantity  of  fecula  j  and  the 
Lichen  islandicus,  which  has  been  celebrated  for  its  mild 
nutritive  quality,  consists  entirely  of  it,  so  as  to  afford  a 
fecula  nearly  pure,  when  reduced  to  powder.  Proust  has 
given  some  observations  on  the  method  of  preparing  it 
for  food  |. 

Fecula  is,  of  any  variety  of  vegetable  matter,  best  adapt- 
ed to  the  nourishment  of  animals ;  and  it  forms  the  prin- 
cipal part  of  all  the  seeds  and  roots  which  are  used  as  arti- 
cles of  food  by  man.    Its  high  nutritious  power  is  well 


*  Repertory  of  Arts,  vol.  iii.  p,  389. 
t  JS^ichclson's  Journal,  vol.  xvi.  p.  210. 
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shown,  by  the  fact,  that  some  of  the  most  nutritive  of  these, 
and  which  even  alone  are  capable  of  sustaining  animal 
strength  and  growth,  as  rice,  or  the  potatoe  root,  contain  no 
other  principle  that  can  contribute  to  this,  but  fecula.  Thus, 
the  root  of  the  potatoe,  according  to  Dr  Pearson's  analysis 
of  it,  contains,  besides  fecula,  only  a  small  portion  of  mu- 
cilage and  fibrous  matter  yet,  as  he  remarks,  "  there  is 
sulRcient  evidence,  that  the  potatoe  root  and  water,  with 
common  salt  or  other  seasoning,  can  nourish  as  well  as  any- 
other  vegetable  matter  and  water,  with  seasoning.'* 

Fecula,  besides  its  use,  either  pure,  or  under  the  form 
of  the  nutritive  grains  as  an  article  of  diet,  is  used  in  the 
state  of  its  gelatinous  solution,  for  pasting,  and  stiffening 
linen  or  other  kinds  of  cloth.  It  also  enters  into  the  com- 
position cf  some  pigments. 


Rose  pointed  out  a  principle  analogous  to  fecula,  though 
differing  from  it  in  some  properties,  which  is  extracted 
from  the  root  of  elecampane,  (Inula  helenium).  It  is  de- 
posited in  the  form  of  a  white  powder  from  the  decoction 
of  the  root,  after  it  has  stood  for  some  hours.  It  is  inso- 
luble in  cold  water  is  soluble  in  boiling  water  :  the  solu- 
tion, though  liquid  while  hot,  becomes  gelatinous  as  it 
cools  ;  and  in  the  course  of  some  hours,  the  solution  de- 
posites  the  greater  part  of  the  substance  dissolved,  in  the 
form  of  a  compact  white  powder.  Alkohol  precipitates  it 
from  its  solution  in  water.  This  white  matter,  thrown  on 
burning  fuel,  melts  like  sugar,  and  evaporates,  diffusing  a 
white  pungent  smoke,  leaving  a  small  coally  residuum. 
At  a  red  heat,  it  burns  with  a  vivid  white  flame.    By  dis- 
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tillation,  it  gives  an  empyreumatic  acid,  without  any  eni- 
pyreumatic  oil.  Nitric  acid  converts  it  into  malic  and 
oxalic  acids,  and,  when  in  excess,  into  acetic  acid.  From 
these  properties,  it  is  inferred  by  Rose,  that  this  substance 
is  neither  gum  nor  fecula,  but  intermediate  between  them  ; 
and  he  considers  it  as  probable,  that  several  products, 
which  have  been  regarded  as  varieties  of  fecula,  are  rather 
of  the  nature  of  this  powder  *.  It  is  probably  merely  a 
variety  of  fecula. 


SECT.  III. 

or  SUGAR. 

Saccharine  matter  is  very  generally  mixed  with  the 
fecula  in  the  seeds  and  roots  of  vegetables.  It  exists  also 
in  still  larger  quantity  as  one  of  the  secreted  or  proper 
juices  of  the  plant.  It  is  not  a  constant  principle,  but  is 
formed  chiefly,  or  in  any  considerable  quantity,  only  at 
certain  periods  of  vegetation.  In  fruits,  it  is  found  in 
abundance  only  in  a  state  of  maturity  ;  and  in  those  plants 
which  afford  it  in  largest  quantity,  it  is  more  abundant  at 
certain  periods  than  at  others. 

The  plant  named  the  Sugar  Cane  (Arundo  saccharifc- 
ra)  has  been  Iqng  cultivated  for  the  production  of  sugar. 
The  juice  of  it,  at  a  certain  season,  consists  principally  of 
saccharine  matter  :  it  is  pressed  out  by  subjecting  the 


*  Nicholson's  Joum  il,  vol.  xii.  p.  97. 
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canes,  cut  short,  and  tied  in  bundles,  to  the  pressure  of 
three  upright  iron  rollers  or  cylinders,  the  middle  one  of 
which  is  made  to  revolve.  The  expressed  juice  is  imme- 
diately conveyed  into  copper  pans,  in  which  it  is  to  be  cla- 
rified. This  is  done  by  heating  it  with  a -quantity  of  pure 
quicklime,  by  which  the  portion  of  acid  present  in  the 
juice,  and  which  prevents  the  concretion  of  the  sugar,  is 
neutralized  j  the  lime  in  combination  with  this  acid,  and 
also  with  carbonic  acid,  and  with  a  portion  of  vegetable  or 
herbaceous  matter,  is  precipitated  :  towards  the  end  of  the 
operation,  a  scum  collects  on  the  surface,  consisting  of  the 
mucilaginous  and  oily  mitterof  the  juices,  with  any  gross- 
er impurities  entangled  in  it.  When  this  is  fully  formed, 
the  fire  is  damped,  and  the  liquid  is  allowed  to  remain  at 
rest,  to  become  clear.  It  is  afterwards  run  into  the  eva- 
porating boiler,  in  which  it  is  made  to  boil,  the  scum,  as 
it  rises  to  the  surface,  being  removed  :  it  is  removed  from 
one  evaporating  vessel  into  another,  as  the  evaporation  pro- 
ceeds, until  it  be  so  far  boiled  down,  that  on  cooling,  the 
sugar  will  concrete.  It  is  then  run  into  the  cooler,  a  large 
shallow  wooden  vessel,  in  which  this  operation  takes 
place  ;  and  from  the  concrete  sugar,  the  remaining  liquid 
part,  the  Molasses  of  commerce,  is  drained  off*. 

The  sugar  thus  obtained  is  in  the  state  of  small  crys- 
talline grains,  of  a  brown  colour,  and  is  not  perfectly 
pure.  It  is  sometimes  obtained  in  a  purer  state,  by  running 

*  A  more  ample  account  of  the  procesQ,  as  carried  on  in  the 
West  India  Islands,  is  given  under  the  article  Sugar,  in  Aikin's 
Dictionary  of  Chemistry  ;  and  the  improvements  in  it  proposed 
by  Dr  Higgir..,  are  given  in  the  21th  volume  of  the  Philoso- 
phical  Magazine. 
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the  inspissated  juice  into  vessels  of  a  conical  form,  the 
a^ex  of  the  cone  being  undermost,  in  which  it  is  allowed 
to  concrete  i  by  an  aperture  at  the  bottom,  the  remaining 
liquid  is  withdrawn,  and  there  is  applied  to  the  base  of 
the  cone,  or  the  uppermost  part  in  its  inverted  position, 
a  layer  of  clay,  which  is  kept  moist  with  water  :  this  water 
filtrates  slowly  through  the  sugar,  and  more  completely  re- 
moves the  molasses. 

In  Europe,  the  sugar  is  purified  by  a  process  somewhat 
similar.  It  is  dissolved  in  lime-water,  and  boiled,  the  lime 
being  supposed  to  neutralize  a  small  portion  of  acid  that 
is  still  present  in  the  unrefined  sugar  :  a  quantity  of  blood 
is  added,  which  forms  a  coagulum  during  the  boiling,  that 
rises  to  the  surface,  and  entangles  the  impurities.  The 
clear  liquor  is  boiled  down  to  the  proper  consistence  :  it  is 
run,  when  cold,  into  conical  clay  moulds,  which  are  placed 
with  the  apex  of  the  cone  undermost  :  when  it  has  be- 
come concrete,  an  aperture  is  made  at  this  point ;  the  base 
of  the  cone  is  covered  with  clay,  which  is  moistened  with 
water ;  and  this  water,  slowly  transuding  through  the 
sugar,  dilutes  and  removes  any  superfluous  syrup ;  the 
conical  loaves  are  then  dried  in  a  stove.  This  operation 
is  even  sometimes  repeated  :  the  sugar  is  thus  brought  to 
the  state  of  greatest  purity  :  it  is  in  the  form  of  a  mass, 
composed  of  crystalline  grains,  white,  and  having  a  taste 
perfectly  sweet,  without  any  peculiar  flavour. 

Other  plants  besides  the  sugar  cane  produce  saccharine 
inatter  in  such  abundance,  that  it  is  extracted  from  them. 
In  America,  large  quantities  are  obtained  from  the  sugar 
maple,  (Acer  saecharinum).  According  to  the  account  of 
the  mode  of  extracting  it  given  by  Dr  Rush,  the  saccha- 
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rine  juice  is  most  abundant  in  the  tree  in  the  spring  months  : 
the  stem  of  the  tree  is  at  that  season  bored  with  an  auger, 
the  instrument  being  introduced  about  three- fourths  of  an 
inch,  and  in  an  ascending  direction,  and  the  aperture  be- 
ing afterwards  deepened  gradually  to  the  extent  of  two 
Inches.  When  the  juice  ceases  to  flow  from  this,  or  is 
much  diminished  in  quantity,  a  similar  aperture  is  made 
in  another  part ;  and  in  the  course  of  from  four  to  six 
weeks,  during  which  the  juice  continues  to  flow,  a  large 
quantity  is  collected.  The  saccharine  matter  is  procured 
from  it  by  boiling  it  until  the  greater  part  of  the  super- 
fluous water  is  dissipated  ;  a  small  quantity  of  slacked  lime 
being  added,  with  a  portion  of  milk,  or  of  the  white  of 
eggs  to  clarify  it,  and  a  little  butter,  to  prevent  the  liquor 
from  boiling  over  the  vessel.  The  sugar  is  made  to  con- 
crete, and  is  clayed  and  refined  nearly  in  the  same  man- 
ner as  is  practised  in  the  manufacture  of  sugar  from  the 
sugar  cane.  From  the  juice  yielded  by  a  tree  of  the  usual 
size,  five  pounds  of  sugar  may  be  extracted,  and  the  oper- 
ation can  be  repeated  annually,  the  tree  not  being  injured 
by  the  tapping  *.  The  tree  begins  to  afford  the  saccharine 
juice  when  twenty  years  old,  and  ceases  to  afford  it  when 
about  sixty  or  seventy  years  of  age. 

The  beet  (Beta  vulgaris),  the  parsnip,  (Pastinaca  sativa), 
the  carrot  (Daucus  carotta),  the  turnip  (Brassica  rapa),  and 
several  other  plants  allied  to  these  in  their  natural  charac- 
ters, are  known  to  contain,  at  certain  periods  of  their 
growth,  juices  possessed  of  a  considerable  degree  of  sweet- 


*  Transactions  of  the  American  Philosophical  Society,  vol, 
.iii,  p.  61. 
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ness,  deposited  principally  in  their  roots ;  and  Margraaf 
long  ago  extracted  from  all  of  them  a  portion  of  sugar  *. 
A  few  years  ago,  the  production  of  sugar  from  the  beet 
engaged  in  particular  the  attention  of  the  German  chemists; 
and  it  was  supposed,  that  it  might  be  cultivated  with  ad- 
vantage, to  obtain  a  substitute  for  the  sugar  of  the  West 
India  islands.  Different  memoirs  on  this  subject  have  been 
published  by  Achard  f,  Hermbstaedt  J,  Lampadius  ||,  and 
others.    The  general  process  for  extracting  it,  as  describ- 
ed by  Achard  f ,  consists  in  softening  the  roots,  by  boiling 
in  water,  cutting  them  in  slices,  and  expressing  the  juice 
by  a  press.  The  expressed  juice  Is  strained,  and  is  reduced 
by  boiling  to  about  two-thirds.    It  is  then  strained,  and  Is 
reduced,  by  farther  boiling  in  a  smaller  boiler,  to  about  one- 
half.  It  Is  strained  a  third  time,  and,  In  a  still  smaller  boiler, 
is  reduced  to  the  consistence  of  a  syrup.    This  syrup,  put 
into  shallow  earthen  vessels,  is  kept  in  an  apartment  heat- 
ed by  a  stove  to  a  temperature  of  from  80  to  120  of  Fah- 
renheit, until  the  sugar  is  deposited  in  an  irregular  crys- 
tallized mass.  The  remaining  liquid  is  poured  off,  and  the 
soft  mass  of  sugar  Is  subjected  to  pressure,  gradually  in- 
creased, in  a  bag,  so  as  to  force  out  the  liquid  part,  and 
obtain  the  sugar  dry.    The  addition  of  a  portion  of  lime- 
water  in  the  boiling  has  been  supposed  to  facilitate  the 
concretion  of  the  sugar,  and  has,  In  particular,  been  re- 


*  Memoires  de  I'Acad.  des  Sciences  de  Berlin,  1747. 
f  Nicholson's  Journal,  'tto,  vol.  iii.  p.  237.  288. 
X  Ibid.  p.  333.  410. 

11  Annales  de  Chimie,  torn,  xxxviii.  p.  76. 
f  Ibid.  torn,  xxxii.  p.  264. 
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commended  by  Lampadlus,  and  supposed  by  liim  to  ope- 
rate by  neutralizing  the  acid  contained  in  the  juice.  He 
has  introduced  some  other  variations  in  the  process,  as  ex- 
pressing the  juice  from  the  roots  without  previous  boiling, 
adding  in  the  subsequent  boiling  a  portion  of  milk,  which, 
by  its  coagulation,  serves  to  clarify  the  juice ;  and  reducing 
the  heat  considerably  in  the  last  stage  of  the  evaporation  *. 
And  Achard,  in  a  process  which  he  has  given  subsequent 
to  the  first  he  proposed,  employs  a  little  sulphuric  acid  to 
coagulate  the  albumen  of  the  juice,  and  afterwards  lime, 
both  to  abstract  this  acid,  and  promote  the  crystallization 
of  the  sugar  f.  More  lately,  Hejrmbstaedt  has  given  a 
process  still  more  simple,  and  less  expensive.  The  juice 
of  the  beet  being  expressed,  is  clarified  with  lime,  in  tlie 
same  manner  as  the  juice  of  the  sugar  cane.  It  is  eva- 
porated to  the  consistence  of  syrup,  is  left  to  cool,  when  a 
coarse  brown  sugar  concretes,  leaving  a  portion  of  syrup 

In  some  former  experiments,Hermbstaedt  obtained,  from 
125  lbs.  of  the  roots  of  the  Beta  vulgaris,  5^lh.  of  brown 
sugar,  and  If  lb.  of  syrup,  which  drained  off.  This  sugar 
has  rather  a  disagreeable  taste,  but  by  clarifying  the  juice 
with  the  white  of  an  egg,  (for  which,  in  the  large  way, 
blood  might  be  advantageously  substituted),  the  sugar  is 
obtained  white  and  pure  I|  ;  and  by  some  process  of  this 
kind,  it  has  been  manufactured  and  refined  so  as  to  be 
equal  to  the  common  refined  sugar  The  produce,  how- 
ever, is  very  various,  and  is  much  dependent,  as  Achard 

*  Annales  de  Chimie,  torn,  xxxviii.  p.  76. 

J  Nicholson's  Journal,  vol.  xii.  p.  259. 

%  Ibid.  8vo,  vol.  xiii.  p.  267. 

;i  Ibid.  Ito,  vol.  iii.  p.  168.       «[  Ibid.  p.  47-K 
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has  shown,  on  the  methods  practised  in  the  cultivation  of 
the  plant ;  and  by  a  due  attention  to  those  circumstances 
by  which  the  production  of  saccharine  matter  is  increased, 
he  calculated,  from  his  experiments,  that  in  Germany 
brown  sugar  might  be  obtained  from  the  beet  in  the  large 
way,  at  an  expence  not  exceeding  threepence  jo^-r  pound. 
In  a  report  presented  to  the  National  Institute,  the  result 
of  the  calculation  is  rather  less  favourable  ;  but  the  re- 
porter admits,  that  the  experiments  on  which  this  was 
founded  were  not  sufficiently  varied,  nor  on  a  large  scale  *. 

The  fecula  of  vegetables,  it  has  already  been  remarked, 
is  convertible  into  saccharine  matter  by  the  action  of  oxy- 
gen. This  takes  place  in  germination,  and  when  perform- 
ed on  grain  previous  to  fermentation,  constitutes  the  pro- 
cess of  malting.  Sugar  is  also  produced  in  the  animal 
system  in  some  morbid  states,  and  is  discharged  by  some 
of  the  secretions  in  considerable  quantity. 

Sugar,  when  pure,  has  a  perfectly  sweet  taste,  free  from 
any  peculiar  flavour :  it  is  inodorous  and  of  a  white  colour ; 
and  in  tiie  state  In  which  it  is  usually  prepared,  is  in  mas- 
ses composed  of  brilliant  grains  :  the  sugar  from  different 
vegetables,  however,  often  retains  a  portion  of  extractive, 
mucilaginous,  or  oily,  matter,  from  which  it  derives  taste, 
flavour,  and  other  qualities. 

Sugar  is  abundantly  soluble  in  water  :  at  the  tempera- 
ture of  50  it  does  not  require  more  than  its  own  weight 
for  its  solution  :  at  a  higher  temperature  the  quantity  dis- 
solved is  greater ;  and  at  212°  the  water  retains  any  quan- 
tity in  solution.    The  consistence  of  a  strong  solution  of 


*  Annales  de  Chiraic,  torn.  xxxv.  p.  13  k 
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sugar  in  water,  is  thlclc  and  viscid.  In  pharmacy  it  is  nam- 
ed Syrup,  and  different  syrups  are  prepared  from  vegetable 
juices,  or  vegetable  infusions,  by  adding  the  requisite  pro- 
portion of  sugar. 

Sugar  crystalUzes  from  its  saturated  solution :  the  form 
of  the  crystals  is  a  prism  of  four  or  six  sides,  bevelled  at 
each  extremity,  or  sometimes  acuminated  by  three  planes  *• 

Sugar  is  likewise  soluble  in  alkohol,  and  the  solution  af- 
fords crystals  on  evaporation.  In  the  vegetable  analysis, 
this  solution  may  be  advantageously  employed  to  extract 
sugar  from  those  vegetable  products  which  contain  it  in 
small  quantity,  as  it  frees  it  from  the  mucilage  which 
otherwise  adheres  to  it ;  and  by  slow  crystallization  it  may 
be  separated  from  any  other  principle  which  the  alkohol 
had  dissolved.  By  this  process  Margraaf  obtained  pure 
sugar  from  a  number  of  vegetables. 

When  exposed  to  heat  sugar  is  blackened,  swells  up, 
and  bums  to  a  coal ;  and  if  the  heat  be  high  this  is  accom- 
panied with  flame.  The  products  of  its  combustion  are 
water  and  carbonic  acid. 

The  fixed  alkalis  combine  with  sugar  in  solution  in  wa- 
ter :  the  alkaline  properties,  as  Lowitz  observed,  are  little 
altered  by  the  combination,  even  when  a  large  quantity  of 
sugar  is  used,  and  the  alkali  is  boiled  with  it.  The  sweet 
taste  of  the  sugar  is  nearly  destroyed,  but  on  adding  sul- 
phuric acid,  and  precipitating  the  sulphate  by  alkohol,  the 
sweetness  is  completely  restored  f.  The  compound  of 
sugar  and  potassa  appears  not  to  be  soluble  in  alkohol. 


*  Journal  de  Physique,  torn,  xliii.  p.  462. 
•j-  Cruickshank,  RoUo  on  Diabetes,  p.  461. 
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though  both  its  Ingredients  are :  Mr  Cruickshank  having 
found,  that  when  alkohol  was  added  to  a  portion  of  the  so- 
lution of  sugar  and  pure  potas'sa,  after  it  had  been  boiled 
to  the  consistence  of  a  syrup,  no  union  took  place,  but  the 
alkohol,  though  the  mixture  was  repeatedly  a^tated,  swam 
on  the  surface. 

The  action  of  the  alkaline  earths  on  sugar  is  similar  to 
that  of  the  alkalis.  In  boiling  a  solution  of  sugar  with  a 
little  lime,  Mr  Cruickshank  found,  that  the  lime  combined 
with  the  sugar,  and  communicated  to  it  a  very  bitter  as- 
tringent taste,  though  the  sweetness  still  in  some  degree 
remained  :  by  evaporation  the  liquid  v/as  reduced  to  a  si- 
mi-transparent  substance,  much  more  tenacious  than  the 
thickest  syrup,  and  having  a  rough  bitter  taste  mixed  with 
a  certain  degree  of  sweetness.  On  adding  alkohol  to  the 
original  solution,  a  precipitate  in  white  flakes  was  formed, 
which  appeared  to  be  a  combination  of  sugar  with  lime. 
Sulphuric  acid  added  to  the  solution,  precipitated  the  lime 
in  the  state  of  sulphate,  and  in  a  great  measure  restored 
the  natural  taste  *.  Lowitz  had  before  observed,  that 
sugar  communicates  a  much  greater  degree  of  solubility 
to  lime,  equal  parts  of  them  being  boiled  together  in  wa- 
ter. In  reducing  this  compound  to  dryness  by  inspissa- 
tion,  a  white  mass  was  obtained  extremely  acrid  and  caus- 
tic. The  solution  in  boiling,  he  found  to  become  thick  and 
turbid,  lime  being  precipitated ;  but  as  it  cools  the  lime  is 
redlssolved,  and  it  recovers  its  transparency.  Alkohol  add- 
ed to  it,  precipitates  the  lime  •,  the  alkaline  carbonates  de- 
compose it  by  forming  carbonate  of  lime    and  it  appears 


♦  RoUo  on  Diabetes,  p.  461. 


OF  SUGAll.  141 

to  be  decomposed  on  exposure  to  the  air,  from  alDSorption 
of  carbonic  acid,  minute  crystals  being  formed,  and  the 
sweetness  of  the  sugar  being  at  length  restored  *.  Mr 
Cameron  has  observed  this  property  in  sugar  of  ren- 
dering lime  more  soluble  in  water  i  the  same  effect  he 
found  to  be  produced  on  strontites ;  and  this  earth  was 
likewise  separated  from  its  combination  with  tlie  sugar, 
both  by  the  alkalis  and  the  acids.  Magnesia  is  very  little 
soluble  in  a  saccharine  solution  ;  and  the  solubility  of 
barytes  he  found  not  to  be  increased  by  sugarj  but  it  re- 
ceived from  it  carbonic  acid  -}•. 

Sugar  is  decomposed  by  the  acids.  Sulphuric  acid 
blackens  it,  by  causing  an  evolution  of  part  of  its  carbon 
in  the  state  of  charcoal,  while  the  remaining  principles  of 
the  sugar  enter  into  new  combinations,  forming  a  portion 
of  water,  and  probably  of  some  of  the  vegetable  acids. 
Nitric  acid  yields  oxygen  to  it,  and  converts  it  into  an 
acid,  which,  from  being  abundantly  formed  by  the  oxy- 
genizement  of  sugar,  was  at  one  time  named  Saccharine 
acid,  and  which  Scheele  demonstrated  to  be  merely  oxalic 
acid.  The  process  consists  in  pouring  six  parts  of  nitric 
acid  on  one  part  of  sugar  in  coarse  powder,  and  applying 
a  moderate  heat  j  an  effervescence  takes  place,  and  nitrous 
acid  vapour  is  disengaged  :  the  application  of  the  heat  is 
continued  until  this  ceases,  and  in  the  remaining  liquid 
prismatic  crystals  soon  begin  to  form,  which  consist  of  ox- 
alic acid,  and  which,  according  to  Mr  Cruickshank's  ex- 
periments, amount  to  rather  more  than  half  the  weight  of 
the  sugar.   There  remains  an  uncrystallizable  liquid,  con- 
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sisting  principally  of  malic  acid.  The  actiori  of  oxymuri- 
atic  acid  on  sugar,  is  somewhat  different  as  to  its  results. 
According  to  the  observation  of  Vauquelin,  when  a  little 
sugar  is  put  into  liquid  oxymuriatic  acid,  it  is  converted 
into  citric  acid  ;  but  if  oxymuriatic  acid  gas  be  transmitted 
through  a  solution  of  sugar,  the  liquid  when  evaporated 
affords  a  residuum,  presenting  all  the  characters  of  caramel 
or  sugar  that  has  been  imperfectly  burnt  *. 

From  the  chemical  changes  which  sugar  suffers  from 
the  preceding  re-agents,  it  may  be  inferred,  that  it  is  a 
compound  of  carbon,  hydrogen,  aud  oxygen.  Its  compo- 
sition is  however  determined  with  still  more  precision,  by 
its  decomposition  by  heat.  The  products  of  its  destruc- 
tive distillation  in  close  vessels,  are  an  acid  liquor,  being 
acetic  acid  diluted  with  water,  and  a  little  empyreumatic 
oil ;  carbonic  acid,  and  carburetted  hydrogen  gases,  are 
disengaged  in  considerable  quantity;  and  the  residuum  is 
charcoal.  The  proportion  of  acid  is  larger  than  that  ob- 
tained from  the  decomposition  of  gum.  From  one  ounce 
of  sugar  decomposed  by  heat,  the  products  in  an  experi- 
ment made  by  Mr  Cruickshank  f  were  : 

Dr.  Gr. 

Acid  with  a  drop  or  two  of  empyreumatic  oil,  4;  30 
Charcoal,  ----20 
Carburetted  hydrogen  gas,  -  119  oz.  measures. 
Carbonic  acid  gas,  -         -         41   — — — — . 

The  acid,  when  saturated  with  lime,  gave  no  indication 


*  Annales  de  Chimie,  torn.  vi.  p.  220. 
I  RoUo  on  Diabetes,  p.  4'66. 
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of  ammonia,  as  that  from  gum  does  ;  neither  did  the  char- 
coal contain  any  Ume  :  neither  nitrogen  nor  Ume  therefore 
enters  into  the  composition  of  sugar,  and  it  is  to  be  re- 
garded as  a  compound  merely  of  carbon,  hydrogen,  and 
oxygen.  It  differs  from  gum  in  the  absence  of  nitrogen 
and  lime  ;  and  from  fecula  probably  in  the  proportion  of 
oxygen  being  larger  and  of  carbon  being  less ;  since  in  the 
process  by  which  fecula  is  converted  into  sugar,  oxygen  is 
absorbed  and  carbonic  acid  evolved.  The  proportions  of 
its  principles,  as  determined  by  Lavoisier,  from  the  changes 
it  suffers  in  the  process  of  fermentation,  are  64;  of  oxygen, 
28  of  carbon,  and  8  of  hydrogen  j  but  these  were  inferred 
from  results  so  complicated,  that  they  cannot  be  regarded 
as  at  all  certain. 

From  the  differences  which  exist  in  the  composition  of 
gum,  fecula,  and  sugar,  we  may  trace,  though  perhaps  in 
an  imperfect  manner,  their  successive  formation  in  the 
process  of  vegetation.  The  sap  is  composed  of  vegetable 
matter,  mixed  with  several  salts  which  have  lime  for  their 
base.  Mucilage  or  gum,  which  seems  to  be  the  first  pro- 
duct from  it,  consists  of  carbon,  hydrogen,  and  oxygen,  the 
general  principles  of  vegetable  matter,  combined  with  lime. 
By  a  further  el:.boration  the  lime  seems  to  be  abstracted, 
and  the  carbon,  oxygen,  and  hydrogen,  alone  brought  into 
union  :  this  forms  the  fecula  :  and  this  again,  by  a  change 
in  the  proportions  of  its  principles,  and  particularly  by  an 
addition  of  oxygen,  is  changed  into  sugar. 

A  fact  apparently  singular  was  observed  by  some  of  the 
German  chemists,  particularly  by  Achard,  in  their  expe- 
riments on  the  production  of  sugar, — that  the  exclusion  of 
li^ht  from  the  vegetable,  favours  greatly  its  production,  so 
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much  so,  that  a  plant,  the  roots  or  stems  of  which  are 
sweet  while  the  Ught  is  excluded,  loses  this  sweetness  when 
the  light  is  admitted  *.  But  it  is  known,  that  the  exclu- 
sion of  light  in  a  growing^  vegetable,  always  produces  in  it 
an  accumulation  of  oxygen,  and,  according  to  the  view  of 
the  subject  now  given,  will  favour  the  conversion  of  fecu- 
la  into  sugar.  It  may  be  added,  that  in  vegetables  the 
saccharine  matter  seems  to  be  formed  chiefly  in  the  parts 
secluded  from  light,  as  it  is  most  abundant  in  the  roots, 
and  in  the  sap  rising  from  them,  while  there  is  not  perhaps 
an  instance  of  its  being  discovered  in  the  leaves. 

Sugar  is  formed  however  in  the  fruit  of  vegetables  ;  and 
with  regard  to  this  Achard  mentions  a  fact  which  appears 
at  first  view  contradictory,  that  the  formation  of  the  sugar 
contrary  to  that  in  the  body  of  the  plant,  is  promoted  by 
light ;  this  is  indeed  well  known  with  respect  to  the  ma- 
turation  of  fruit.  Instead,  however,  of  furnishing  any  ex- 
ception to  this  view  of  the  formation  of  sugar  in  the  vege- 
t.^.ble  system,  it  confirms  it  i  for  it  is  not  fecula,  but  an 
acid  juice,  which  in  the  fruit  is  converted  into  sugar,  and 
this  conversion  seems  to  be  effected,  as  we  might  a  priori 
conclude,  by  an  abstraction  of  oxygen  from  the  acid. 

Mr  Cruickshank  endeavoured  to  convert  sugar  into  gum, 
by  the  action  of  substances  which  might  partially  abstract 
its  oxygen.  He  added  to  a  portion  of  syrup,,  which  filled 
an  inverted  jar  placed  over  mercury,  a  little  phosphuret  of 
lime  a  considerable  production  of  phosphoric  gas  almost 
immediately  took  place  y  at  the  end  of  eight  days  the  syrup 


*  Nicholson's  Journal,  ito,  vol.  iii.  p.  2i2.  28S. 
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was  withdrawn ;  it  had  no  sensible  sweet  taste,  but  rather 
a  bitter  astringent  one ;  when  filtered,  alkohol  produced  a 
copious  white  precipitate  in  flakes,  very  much  resembling 
mucilage  separated  from  water  by  the  same  substance.  / 

This  experiment  was  somewhat  varied  as  follows  :  a 
little  refined  sugar  was  dissolved  in  alkohol,  and  to  this  so- 
lution a  little  phosphuret  of  lime  was  added  j  no  phospho- 
ric gas  was  disengaged,  nor  was  there  any  apparent  action 
produced.  More  phosphuret  being  added,  the  mixture 
was  allowed  to  remain  in  an  open  phial  for  several  days. 
The  alkohol  having  now  evaporated,  some  distilled  water 
was  added  ;  but  this  produced  no  disengagement  of  gas, 
as  the  phosphuret  had  been  decomposed,  and  converted 
principally  into  phosphate  of  lime.  The  mixture  being 
fdtered,  and  the  clear  liquor  evaporated,  there  remained  a 
substance  extremely  tenacious,  and  which  had  much  the 
appearance  of  gum  arabic  ;  its  taste  was  bitter,  with  a  very 
slight  degree  of  sweetness  ;  when  squeezed  between  the 
teeth  it  had  exactly  the  feel  of  gum,  but  mere  tenacious. 
It  did  not  appear  to  be  soluble  in  alkohol,  or  at  least  in  any 
considerable  quantity,  when  thrown  upon  a  red-hot  iron 
it  burned  like  gum,  and  left  a  bulky  and  insipid  charcoal. 

"  It  would  appear  that  the  saccharine  principle  had 
been  destroyed  in  these  experiments,  and  converted  into 
something  resembling  a  gum  :  that  this  was  efTected  by  the 
abstraction  of  oxygen,  is  rendered  highly  probable  from 
the  nature  of  the  substance  employed,  and  the  cl  anjjfe 
which  it  was  found  to  have  undergone  for  there  are  few 
substances  which  have  so  strong  a  tendency  to  combine 
with  oxygen,  as  the  phosphuret  of  lime. 
«  Some  other  trials  of  a  similar  nature  were  made,  by 
Vol.  IV.  K 
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mixing  solutions  of  sugar  with  the  different  sulphurets, 
and  by  agitating  them  with  nitrous  gas  in  close  vessels. 
The  sulphurets,  more  especially  that  of  potash,  manifest- 
ly destroyed  the  saccharine  taste ;  but  on  account  of  the 
solubility  of  the  different  products,  the  nature  of  the 
change  could  not  be  so  easily  and  accurately  ascertained. 
The  action  of  the  nitrous  gas  was  more  doubtful  *." 

A  singular  fact  with  regard  to  this  subject,  which  I 
have  not  found  taken  notice  of  by  any  chemist,  was  com- 
municated to  me  by  Mr  Cameron  of  Glasgow, — that  a  so- 
lution of  sugar  may  be  made  to  assume  the  tenacity  and 
thick  consistence  of  strong  mucilage.  The  experiment 
consists  in  adding  1|  lb.  of  syrup  (made  with  1  part  of 
water  to  2  of  sugar)  to  a  gallon  of  water,  in  a  stone  bot- 
tle, mixing  them  well  by  agitation,  stopping  the  bottle 
closely,  and  placing  it  in  a  temperature  of  about  50,  for 
three  or  four  days.  In  this  time  it  assumes  a  gelatinous 
consistence,  still  retaining  its  saccharine  taste,  but  which 
in  the  course  of  a  week  or  two  it  loses.  By  boiling  it  for 
some  time  it  loses  considerably  its  gelatinous  form,  and 
assumes  that  of  strong  mucilage  of  gum  Senegal.  I  have 
kept  it  in  this  state  for  a  considerable  time.  It  is  not  im- 
probable, that  in  this  experiment  a  slight  change  is  pro- 
duced in  the  combination  of  the  principles  of  the  saccha- 
rine matter,  so  as  to  bring  it  to  the  state  of  mucilage  : 
and  a  curious  fact  observed  by  Mr  Cameron,  that  the  ex- 
periment succeeded  only  with  unrefined  sugar,  and  not 
cither  with  molasses,  or  with  refined  sugar,  accords 
with  this  unrefined  sugar  probably  containing  a  small 
portion  of  the  lime  employed  in  the  process  of  preparing  it, 

*  Rollo  on  Diabetes,  p.  459. 
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and  lime  being  essential  to  the  constitution  of  mucilage  or 
gum.  It  has  alreadybeen  rematked,  that  a  solution  of  sugar 
boiled  with  a  little  lime,  forms  a  very  tenacious  liquid. 

In  the  process  of  fermentation,  saccharine  matter  suf- 
fers decomposition,  its  elements  entering  into  new  com- 
binations, whence  the  formation  of  ardent  spirit.  The 
nature  of  this  change  is  to  be  afterwards  considered. 

Sugar  is  of  importance  as  a  substance  nutritious  and  ge- 
nerally agreeable  in  taste.  It  exists  in  the  greater  part  of 
the  vegetable  substances  used  as  articles  of  diet,  and  ap- 
pears, from  some  facts  with  regard  to  its  use,  to  be  even 
in  its  pure  form  highly  nutritive.  Even  animals,  when  par- 
tially supplied  with  it,  it  has  been  observed  in  the  West  In- 
dies, become  fat  and  vigorous,  as  during  the  time  of  the 
sugar  harvest,  though  they  are  then  kept  almost  constant- 
ly at  work.  By  its  antiseptic  power  it  preserves  a  number 
of  substances  from  putrefaction, and  hence,in  confectionary 
and  in  pharmacy,  it  is  used  in  the  pteparation  of  conserves, 
syrups,  and  similar  compositions.  It  is  also  used  in  the 
composition  of  some  varnishes,  of  ink,  and  of  some  pig- 
ments, to  communicate  to  them  a  degree  of  lustre. 


There  are  some  other  substances  of  a  saccharine  nature, 
dilFering  somewhat  in  their  chemical  properties  from  pure 
sugar,  which  may  be  noticed  under  this  section. 

Manna  is  a  secreted  juice,  afforded  by  several  vegeta- 
bles, but  obtained  in  largest  quantity  from  several  species 
of  ash,  particularly  the  Fraxinus  ornus,  which  are  culti- 
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vated  in  Sicily  and  Calabria  for  its  production.  It  exudes 
spontaneously  from  the  bark  of  the  tree,  but  is  obtained 
more  copiously  by  incisions  in  the  stem  and  branches. 
When  it  flows  slowly  it  is  more  pure :  it  is  collected  on 
straws  or  chips  of  wood,  and  forms  what  is  named  Flake 
manna.  When  it  flows  more  abundantly  it  is  less  pure, 
and  forms  the  common  manna  of  commerce. 

The  purest  manna  is  in  pieces  of  a  textyre  somewhat 
granulated,  having  a  taste  that  is  sweet,  but  rather  disa- 
greeable. It  is  soluble  in  water  and  in  alkohol.  It  appears, 
besides  saccharine  matter  which  probably  forms  its  basis,  to 
contain  muciJaginous  and  extractive  tuatter,  from  which  it 
derives  its  taste  and  peculiar  qualities.  And  it  is  affirmed 
by  Chaptal,  that  when  its  solution  in  water  is  boiled  with 
lime,  clarified  with  the  white  of  an  egg,  and  concentrated 
by  evaporation,  it  affords  crystals  of  sugar.  He  adds,  that 
when  decomposed  by  heat  it  affords  water,  acid,  oil,  and 
ammonia    its  residuurn  of  charcoal  affording  alkali. 

Honey  is  another  vegetable  product,  similar  in  many  of 
its  properties  to  sugar  :  it  is  formed  in  a  number  of  vegc- 
rrbles  in  considerable  quantity  :  it  is  collected  by  the  bee; 
•and  many  other  insects  feed  upon  it.  It  is  always  formed 
in  the  flower,  chiefly  at  the  base  of  the  pistil,  and  is  ex- 
posed, frequently  by  a  complicated  arrangement,  to  the 
•atmospheric  air  :  it  seems  designed  to  receive  and  retain 
the  fecundating  pollen. 

The  nature  of  this  product  is  not  well  ascertained.  It 
evidently  contains  a  large  quantity  of  saccharine  matter  : 
with  this  it  has  been  supposed  a  portion  of  mucilage  is 
combined,  from  which  it  derives  its  softner,5  and  viscosity  : 


OF  SUGAR.  149 

And  probably  Its  peculiar  taste  and  smell,  as  well  as  other 
qualities  which  honey  from  particular  plants  sometimes 
has,  are  owing  to  a  quantity  of  extractive  mj^tter,  or  of 
essential  oil  with  which  it  may  be  impregnated.  It  is  So- 
luble in  water  :  by  the  action  of  nitric  acid  it  is  converted 
into  oxalic  acid,  one  ounce  of  honey  affording,  according 
to  Cruickshank's  experiments,  'I  drachms,  4  grains  of  acid, 
a  quantity  very  little  less  than  that  afforded  by  pure  sugar. 

Lowitz,  in  the  course  of  his  experiments  on  the  effect 
of  charcoal  in  absorbing  the  mucilaginous  and  extractive 
matter  of  various  substances,  supposed  that  by  its  agency 
he  might  abstract  such  matter  from  honey,  and  obtain  its 
sugar  pure.  He  found,  that  by  adding  a  sufficient  quan- 
tity of  charcoal  to  honey,  dissolved  in  water,  he  deprived 
it  of  the  smell  peculiar  to  it,  and  of  its  taste  and  colour  : 
but  on  evaporating  the  solution,  it  resumed  its  colour,  and 
did  not  shew  any  disposition  to  crystallize.  On  this  in- 
spissated liquid,  however,  being  allowed  to  stand  for  two 
months,  small  masses  formed  in  it  of  a  crystallized  appear- 
ance :  these  were  obtained  pure  by  diluting  the  whole  with 
aikohol,  which  dissolved  the  glutinous  matter,  and  not  the 
concrete  substance  :  this  when  dried,  formed  a  powder, 
which  had  a  very  agreeable  sweet  taste. 

The  granulated  consistence  of  white  honey,  appearing 
to  arise  from  the  concretion  of  its  saccharine  part,  he  en- 
deavoured to  separate  that  part  by  the  action  of  alkohoi. 
He  thus  procured  from  12  ounces  of  honey,  3  ounces  of 
saccharine  matter.  This  matter  still  appeared  to  contain 
some  heterogeneous  substance  not  soluble  in  alkohoi.  He 
therefore  boiled  pure  alkohoi  on  the  whole  of 't :  the  sac- 
charine part  was  dissolved,  while  a  quantity  of  insqlubl? 
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matter  remained  on  the  filter,  through  which  the  liquor 
had  passed  while  hot.  This  liquor,  after  having  stood  for 
some  days,  deposited  the  saccharine  matter  in  small  sphe- 
rical masses,  which  accumulating  at  length,  formed  a  crust 
quite  firm  and  perfectly  white.  This  matter,  however, 
Lowitz  was  unable  by  any  process  to  crystallize,  though 
its  texture  shewed  a  kind  of  crystalline  arrangement  ex- 
hibiting, when  examined  by  the  microscope,  a  kind  of  con- 
geries of  long  needle-like  crystals. 

This  sugar  of  honey,  Lowitz  found  to  differ  from  com- 
mon sugar  in  the  changes  it  suffers  from  certain  re-agents, 
particularly  from  the  alkalis  and  alkaline  earths.  If  lime 
water  be  added  to  its  watery  solution,  which  is  perfectly 
limpid,  a  brown  colour  is  acquired.  Quicklime  added  to 
the  solution  while  hot,  produced  a  strong  effervescence, 
and  the  mixture  became  of  a  dark  brown  colour  :  and  by 
continuing  to  add  lime,  the  saccharine  matter  was  entirely 
decomposed  :  the  mixture  became  black,  and  emitted  a 
disagreeable  smell.  The  dark-coloured  solution  contains 
a  large  quantity  of  lime,  which  is  not  precipitated  by  al- 
kalis either  pure  or  in  the  s-tate  of  carbonate.  If  precipi- 
tated by  sulphuric  acid,  the  residual  liquor  contains  an  em- 
pyrcumatvc  acid,  analogous  to  malic  acid,  and  convertible 
into  oxalic  by  the  action  of  nitric  acid.  If  the  solution  of 
honey  and  quicklime  is  thickened  by  evaporation,  after  its 
brown  colour  is  removed  by  charcoal,  a  transparent  matter 
is  procured  of  a  light  yellow  colour,  which  resembles  gum 
arable,  but  has  a  bitter  taste.  The  fixed  alkalis  produce 
changes  on  honey,  and  on  the  saccharine  matter  procured 
from  it,  the  same  as  those  from  the  action  of  lime  j  the 
honey  or  the  saccharine  matter  is  decomposed  with  effer- 
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ve&cence,  and  the  alkaline  taste  and  qualities,  when  certain 
proportions  are  observed,  are  lost.  Ammonia  produces 
similar  effects,  but  more  slowly,  and  only  when  its  action 
is  promoted  by  heat  *. 

Cavezzali  has  more  lately  given  a  process  by  which  the 
sugar  of  honey  is  obtained  crystallized.  Its  crystallization 
from  common  honey  he  supposed  to  be  prevented  by  the 
presence  of  an  acid  ;  and  the  process  therefore  which  he 
followed,  was,  after  clarifying  white  honey,  by  applying 
a  moderate  heat,  and  removing  the  scum  frpm  its  surface, 
to  add  to  it  egg-shells  (which  consist  principally  of  carbo- 
nate of  lime)  in  powder  j  an  effervescence  took  place  ;  the 
addition  was  continued  to  saturation,  and  the  liquid  set,  a- 
side.  A  thick  scum  which  formed  on  its  surface  was  re- 
moved, and  some  flocculi  of  a  mucilaginous  matter  diffus- 
ed through  it,  separated  by  filtration.  A  clear  syrup  was 
thus  procured,  free  from  the  sharpness  of  the  honey.  At 
the  end  of  four  months,  crystals  had  been  deposited  from 
it  in  a  crust :  this  was  of  a  red  colour,  and  attracted  humi- 
dity, but  the  colour  was  removed  by  washing  with  alko- 
hol,  and  after  this  operation  it  remained  dry  f . 

Proust  has  distinguished  two  species  of  honey;  the  one, 
which  constitutes  the  common  yellow  honey,  of  a  uniform 
consistence  and  viscid  ;  the  other,  the  granulated  white  ho- 
ney, which  becomes  solid,  and  assumes  the  form  of  small 
spherical  masses.  He  has  distinguished  also  two  species 
oi  sugar,  one  soft  and  not  capable  of  crystallizing,  which 
exists  in  the  grape  and  other  fruits,  and  in  manna ;  the  o- 


*  Journal  de  Physique,  torn.  xlii.  p.  456. 
f  Aunales  de  Chimic,  torn,  xxxix,  p.  ll.Q. 
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tlier,  the  sugar  of  the  sugar  cane.  From  the  white  granu- 
lated honey  he  has  obtained,  by  the  action  of  alkohol,  a 
white  saccharine  powder  of  an  agreeable  taste,  and  which 
he  regards  as  different  from  common  sugar,  and  nearly  the 
same  with  the  soft  sugar  of  the  grape  *.  These  differen- 
ces in  both  cases,  however,  if  they  do  not  arise  from  inter- 
mixture, must  depend  on  very  slight  modifications  of  the 
same  species,  produced  by  variable  causes,  and  in  part  pro- 
bably by  tlie  very  operations  by  which  they  are  recognised, 
and  such  distinctions  do  little  more  perhaps  than  load  and 
embarrass  the  science. 

The  saccharine  matter  formed  in  certain  morbid  states 
of  the  animal  economy,  giving  rise  to  the  disease  named 
Diabetes,  appears  similar  in  many  of  its  properties  to  the 
sugar  of  honey.  It  suffers  nearly  the  same  change  from 
lime  :  in  the  experiments  made  on  it  by  Nicolas,  when  a 
little  lime  was  added  to  its  solution,  and  the  whole  boiled, 
on  afterwards  clarifying  it  with  the  white  of  an  egg,  the 
liquor  was  found  to  have  assun^eda  reddish  brown  colour, 
had  lost  its  sweetness,  and  become  acrid ;  and  when  the 
lime  was  separated  from  the  combination,  by  the  addi- 
tion of  an  acid,  the  sweetness  was. not  restored  f.  This 
is  precisely  similar  to  the  change  the  sugar  of  honey  suf- 
fers from  lime,  and  is  different  from  that  which  pure  sugar 
undergoes.  Cruickshank  found,  that  the  saccharine  ex- 
tract formed  in  diabetes  is  convertible  into  oxalic  acid  by 
the  action  of  nitric  acid  %  »  a  property  which  belongs  to 
the  sugar  of  honey  as  well  as  to  pure  sugar. 


*  Annales  de  Chimie,  torn.  Ivii.  p.  137,  &c. 
f  Ibid.  torn.  xliv.  p.  65. 
+  Rollo  on  Diabetes,  p.  429. 
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SECT.  IV. 

OF  OLUTEV. 

Along  with  the  fecula  and  saccharine  matter  which 
compose  the  principal  part  of  the  nutritive  grains,  there 
exists  another  substance,  approaching  very  closely  in  its 
characters  to  animal  matter.  From  the  resemblance  in  its 
properties  to  the  animal  principle  formerly  named  Gluten, 
it  has  received  the  name  of  Vegetable  Gluten.  It  has  been 
believed  likewise  to  exist  in  the  juices  of  plants,  and  in 
some  of  their  secreted  products  ;  but  it  is  more  easily  se- 
parated from  the  farina  of  the  nutritive  grains,  and  it  is 
from  the  gluten  obtained  in  this  manner  that  its  charac- 
ters are  derived.  Its  existence  was  distinctly  pointed  out, 
more  than  seventy  years  ago,  by  Beccaria,  to  whom  we 
are  indebted  for  the  simple  analysis  of  the  nutritive  grains 
by  which  it  is  obtained. 

In  the  process  of  obtaining  the  fecula  of  wheat,  the  flour 
is  made  into  a  paste  with  water,  and  kneaded  in  the  hand, 
or  rather  in  a  coarse  linen  bag,  water  being  poured  on  it, 
until  the  fecula  is  carried  off  suspended  in  the  water,  and 
the  sugar  and  other  soluble  principles  dissolved.  There 
remains,  at  the  end  of  this  process,  a  soft  viscous  substance, 
of  a  fibrous  texture,  possessing  great  tenacity  and  elastici- 
ty. It  is  this  which  is  denominated  Gluten.  It  is  obtain- 
ed in  largest  quantity  from  wheat ;  the  quantity,  on  an  a- 
verage,  amounting  to  about  a  twelfth  part  of  the  weight 
of  the  flour  of  that  grain ;  or  taking  into  account  the 
weight  of  the  water  with  which  it  combines  in  its  extract 


154)  OF  GLUTEN. 

tion,  it  varies,  according  to  Beccaria,  from  a  third  to  a 
fifth  of  the  weight  of  the  flour.  It  is  contained  in  much 
t>maller  quantity  in  the  other  nutritive  grains,  and  can,  in- 
deed, be  scarcely  extracted  from  any  of  them.  Beccaria, 
however,  found  traces  of  it  in  maize ;  and  Fourcroy  and 
Vauquelin,  in  their  experiments  on  the  different  nutritive 
grains,  have  found,  that  a  principle  possessing  the  charac- 
ters of  animal  matter,  and  therefore  probably  gluten,  exr 
ists  in  barley,  garden  beans,  and  lupines.  It  cannot  be 
discovered  in  rice ;  nor  are  there  any  traces  of  it  in  the 
potatoe,  or  other  nutritive  roots. 

Gluten  has  also  been  supposed  to  be  contained  in  the 
expressed  juices  of  a  number  of  plants.  Rouelle  had  ob- 
served, that,  in  subjeccing  to  pressure  the  fresh  leaves  of 
a  number  of  vegetables,  it  deposited,  on  standing,  a  mat- 
ter which,  from  its  colour,  he  named  Green  Fecula  ;  and 
in  this  substance  he  discovered  the  existence  of  a  princi- 
ple which  he  considered  as  analogous  to  the  gluten  of 
wheat.  Fcurcroy  supposed  it  to  be  different  from  gluten, 
and  to  approach  in  its  nature  to  the  animal  principle  deno- 
minated Albumen,  whence  he  named  it  Vegetable  Albu- 
men.  We  shall  find  reason,  however,  to  conclude,  that  the 
original  opinion  of  Rouelle  is  probably  more  just,  and  that 
this  principle  may  be  regarded  as  a  variety  of  gluten. 

The  gluten  obtained  in  the  analysis  of  wheat  flour,  a- 
bove  described,  is  a  solid  but  soft  viscous  substance,  ex- 
tremely tenacious,  so  that  it  can  be  drawn  out  to  a  great 
length,  and  moulded  into  any  form  :  it  is  also  highly  elas- 
tic, so  that  when  drawn  to  a  great  extent,  it  quickly  re- 
sumes, when  left  to  itself,  its  former  volume :  its  texture 
is  distinctly  fibrous,  or  it  appears  to  be  composed  of  threads. 
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It  has  scarcely  any  taste;  its  odour  is  faint  :  its  colour  is 
greyish,  and,  when  dried,  it  is  semi-transparent,  having 
then  some  resemblance  to  glue  in  its  appearance.  In  its 
soft  state  it  is  extremely  adhesive  to  the  touch,  and  has, 
from  this  property,  been  used  as  the  basis  of  cement,  for 
uniting  fragments  of  porcelain  or  glass. 

When  exposed  to  the  atmosphere,  gluten  remains  for 
some  time  soft,  acquiring  a  darker  colour.  If  exposed  to 
a  dry  and  rather  warm  atmosphere,  it  dries  slowly,  loses 
its  ductility  and  elasticity,  and  suffers  no  farther  change. 
This  induration  of  it  is  still  more  complete,  when  a  mo- 
derate heat  is  slowly  applied  to  it ;  it  may  then  be  render- 
ed hard  and  brittle.  But  in  a  humid  atmosphere,  soft 
gluten  retains  its  softness,  and  soon  passes  into  a  state  of 
putrefaction,  swelling  up,  and  acquiring  an  offensive  o- 
dour, — changes  which  are  accompanied  with  a  formation 
of  ammonia,  acetic  acid,  and  an  oily  matter  *.  If  it  has 
not  been  entirely  deprived  of  the  fecula  of  the  wheat,  this, 
according  to  Macquer's  observations,  suffers  the  acetous 
fermentation ;  and  the  re-action  of  this  small  portion  of 
acid,  with  the  slow  action  of  the  air  and  water,  converts 
the  gluten  into  a  substance,  which,  as  Rouelle  remarked, 
has  a  very  near  resemblance  to  cheese,  and  which,  by  the 
addition  of  salt,  may  be  preserved  in  that  state  f .  It  then 
contains  ammonia  and  acetic  acid. 

When  kept  immersed  under  water,  it  does  not  imme- 
diately putrefy  ;  a  formation  of  acetous  acid  takes  place, 
and  ammonia  is -also  formed,  which  combines  with  this 


*  Annales  de  Chimie,  torn,  xxxviii.  p.  250. 
f  Fourcroy's  System,  vol.  vii.  p.  41T. 
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acid,  though  not  in  quantity  sufficient  to  saturate  it.  This 
evolution  of  acetic  acid  appears,  as  Vauquelin  has  remark- 
ed, to  check  the  progress  of  the  putrefaction  j  and,  by  its 
action,  a  portion  even  of  the  r-'maining  gluten  is  dissolved 
by  the  water  *.  In  this  state  of  solution,  it  gradually  pu- 
trefies, separating  in  mucous  pellicles. 

The  portion  of  gluten  that  remains  undissolved,  after 
this  kind  of  fermentation  which  it  has  suffered,  if  immer- 
sed anew  in  water,  begins  again  to  ferment,  disengages  car- 
bonic acid,  becomes  of  a  purple  colour,  and  emits  a  foetid 
odour,  similar  to  that  from  putrid  animal  membrane.  Af- 
ter three  months  of  this  slow  putrefaction,  it  has  acquired 
a  brown  colour,  exhales  only  a  faint  smell,  is  much  dimi- 
nished in  volume  and  quantity,  when  dried,  it  forms  small 
masses,  which  soften  under  the  finger  like  wax,  melt  and 
burn  with  flame,  and  is  soluble  in  alkohol,  which  it  colours 
brown  j  a  portion  which  remains  undissolved  being  in  the 
state  of  a  powder,  inodorous,  insipid,  and  very  similar  to 
charcoal  powder,  but  burning  with  an  acrid  odour,  and  af- 
fording ashes,  in  which  iron  and  silex  exist.  In  this  series 
of  char^^es,  a  portion  of  the  nitrogen  and  hydrogen  of  the 
gluten  have  united  to  form  ammonia  ;  part  of  its  carbon 
has  formed,  with  oxygen,  carbonic  acid  ;  another  portion 
of  carbon,  with  hydrogen,  has  formed  the  unctuous  mat- 
ter •,  and  the  remaining  elements  united,  have  formed  the 
residuum  f . 

It  is  doubtful  if  gluten  is  soluMe  in  pure  water.  When 
water  is  allowed  to  remain  over  it  for  some  time,  its  tran- 
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sparency  is  impaired,  and  a  mucous  matter  appears  to  be 
dissolved,  or  rather  suspended  in  it :  by  filtration,  it  may 
be  rendered  limpid  :  when  heated,  a  glutinous  matter  se- 
parates in  flocculi  :  and  a  precipitate  is  thrown  down  by 
oxymuriatic  acid,  and  by  tanin.  Hence  Fourcroy  has 
concluded,  that  gluten  is  soluble  in  water  *.  But  it  is  not 
clear,  that  these  phenomena  depend  on  the  presence  of 
pure  gluten  in  a  state  of  solution  j  and  it  is  probable,  they 
are  connected  with  the  changes  in  composition  which  the 
gluten  itself  has  suffered,  and  probably  with  the  produc- 
tion of  acetous  acid,  from  its  partial  decomposition.  When 
water  is  boiled  on  gluten,  it  contracts,  becomes  more  solid, 
and  loses  its  tenacity  and  ductility. 

Gluten  is  likewise  Insoluble  in  alkohol  :  alkohol  even 
precipitates  the  small  portion  of  it  which  exists  in  water 
in  a  state  of  solution,  when  the  water  has  been  macerated 
on  it.  If  gluten,  however,  which  has  been  kept  for  some 
time  under  water,  so  as  to  have  passed  into  the  acid  fer- 
mentation, be  triturated  with  a  portion  of  alkohol,  it  is 
partially  dissolved,  and  a  liquid  of  a  thick  consistence  form- 
ed. If  more  alkohol  be  added  to  this,  part  of  the  gluten 
is  precipitated,  but  a  portion  still  remains  in  solution,  and 
by  filtration  a  transparent  liquid  is  obtained.  This  is  de- 
composed by  water,  gluten  being  precipitated.  By  eva- 
poration of  the  spirituous  solution,  the  gluten  is  obtained 
dry,  brittle,  and  shining.  Cadet,  by  whom  these  experi- 
ments were  made,  has  remarked,  that  the  thick  solution  of 
fermented  gluten  in  alkohol  forms  an  excellent  varnish,  as 
it  is  transparent,  adheres  strongly,  has  a  degree  of  elasticity, 


*  Annales  du  Museum  d'H'retoire  Naturellf,  torn.  \h,  p.  '.'i 


16 S  OF  GLUTEI. 

and  does  not  scale  ofF.  A  similar  varnish  is  obtained  by- 
dissolving  the  gluten  in  acetous  acid  ;  that  formed  by  al- 
kohol  is  preferable,  but  both  have  the  imperfection  of  be- 
ing affected  by  humidity.  This  latter  solution  also  forms 
a  cement  for  porcelain,  and  a  basis  for  paints  *. 

Gluten  is  dissolved  by  alkaline  solutions,  when  their  ac- 
tion is  promoted  by  a  moderate  heat.  On  the  addition  of 
an  acid  to  the  solution,  the  glutinous  naatter  is  precipitat- 
ed, but  so  far  changed  as  to  be  no  longer  elastic.  In  a 
concentrated  state,  they  still  more  evidently  decompose  it, 
and  form  a  kind  of  soap,  while  there  is  at  the  same  time  a 
production  of  ammonia. 

The  changes  produced  in  gluten  by  the  acids  are  differ- 
ent according  to  the  nature  of  the  acid,  and  its  concentra- 
tion or  dilution.  Some  of  the  weaker  acids,  as  the  acetic, 
dissolve  it,  though  not  without  some  change,  as,  during  the 
solution,  a  portion  of  ammonia  is  generally  formed  j  and 
when  the  acid  is  neutralized  by  an  alkali,  the  gluten  is  pre- 
cipitated with  the  loss  of  its  ductility  :  Fourcroy  has  aflirm- 
ed,  however,  that  it  Is  precipitated  with  its  properties  un- 
altered f.  When  it  has  undergone  the  slight  fermenta- 
tion which  it  suffers  when  kept  under  water,  it  is  still  more 
soluble  in  acetic  acid ;  and  a  portion  of  it  appears  from 
Vauquelin's  experiments,  to  exist  dissolved  in  the  sour 
liquor  obtained  in  the  preparation  of  starch  from  wheat, 
probably  by  the  medium  of  the  acetous  acid,  and  in  con- 
sequence of  this  slight  change  ±.    Hence,  as  he  has  ob- 
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served,  the  necessity,  In  the  preparation  of  starch  from 
wheat,  to  allow  the  liquor  above  the  fecula  to  run  into  the 
acetous  fermentation,  and  in  its  acid  state  to  remain  over 
it  for  some  time  •,  the  acetous  acid  dissolving  the  portion 
of  gluten  which  still  adheres  to  it,  and  thus  rendering  the 
starch  more  pure,  of  a  whiter  and  more  brilliant  colour, 
and  more  loose  and  dry  ;  while  in  the  preparation  of  starch 
from  the  potatoe,  or  from  other  roots  or  grains  which  do 
not  contain  gluten,  this  is  not  requisite. 

Sulphuric  acid  in  its  concentrated  state  blackens  gluten, 
and  causes  a  formation  of  acetic  acid  and  of  ammonia,  with 
an  evolution  of  carburetted  hydrogen.  Nitric  acid  disen- 
gages from  it  nitrogen  gas,  and  gives  rise  to  the  production 
of  oxalic  and  malic  acids.  Muriatic  acid  acts  on  it  slowly, 
and  in  a  manner  somewhat  similar  to  the  acetic.  Oxy- 
muriatic  acid  softens  gluten,  and  changes  it  into  a  yellowish 
flocculent  matter.  It  also  precipitates  it  from  any  com- 
binations in  which  it  is  in  a  state  of  solution,  and  thus  af- 
fords a  test  by  which  its  presence  maybe  recognised.  Dr 
Bostock  has  pointed  out  some  other  tests  by  which  it  may  be 
discovered.  Precipitates  are  thrown  down  from  water 
macerated  on  it  by  acetate  and  super-acetate  of  lead.  Ni- 
trate of  mercury  causes  a  precipitate  to  subside  quickly, 
and  the  liquid  above  assumes  a  pink  colour.  It  is  not  pre- 
cipitated by  silicated  potash,  but  gives  a  copious  precipi- 
tate with  infusion  of  galls. 

This,  like  the  other  immediate  principles  of  vegetables, 
is  decomposed  by  heat  but  the  products  from  its  decom- 
position are  peculiar,  and  are  the  same  as  those  of  animal 
matter.  When  exposed  to  a  moderate  heat,  it  swells  :  if 
placed  on  burning  fuel>  it  becomes  quite  soft  or  semi-fluid. 
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and  burns  with  a  foetid  odour.  If  subjected  to  destruc- 
tive distillation  in  a  retort,  it  affords  carbonate  of  ammonia, 
partly  concrete,  partly  in  solution  in  water,  a  large  quan- 
tity of  a  thick  empyreumatic  oil,  and  a  little  prussic  acid  : 
there  is  disengaged  also  carburcttcd  hydrogen  gas  ;  and 
the  remaining  charcoal,  which  is  in  considerable  quantity, 
is  of  difficult  incineration.  From  the  production  of  am- 
monia, it  is  obvious  that  nitrogen  enters  into  the  composi- 
tion of  gluten  :  from  the  large  portion  of  oil  which  it  like- 
wise affords,  it  must  contain  much  hydi-ogen  ;  while  none 
of  the  products  indicate  the  presence  of  oxygen  in  any  con- 
siderable proportion.  Phosphorus  also  appears  to  exist  in 
its  composition.  Vauquelin  found,  that  the  liquor  form- 
ed in  the  preparation  of  starch  from  wheat,  contained  a 
portion  of  phosphoric  acid  in  combination  with  lime,  pro- 
bably derived  from  the  gluten  of  the  wheat  ;  and  the  phos- 
phate of  lime  found  by  the  same  chemist  to  exist  in  the 
ashes  of  wheat-flour,  has  probably  the  same  origin.  In 
its  analysis,  therefore,  gluten  presents  all  the  characters  of 
animal  matter,  as  it  does  also  in  being  liable  to  putrefac- 
tion, and  in  affording  nitrogen  from  the  action  of  nitric 
acid. 

Gluten  appears  to  have  the  property  of  promoting  fer- 
mentation 5  and  the  action  of  yeast  in  exciting  this  pro- 
cess, has  been  supposed  to  dep<end  on  the  gluten  it  con- 
tains. Vauquelin  has  remarked,  that  the  water  in  which 
gluten  has  been  macerated  for  some  time,  converts  sugar 
into  excellent  vinegar  without  eflervescence,  aiid  without 
the  contact  of  the  air  *. 
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From  the  nature  of  this  prniciple,  it  must  contribute 
much  to  the  nutritious  quality  of  the  grains  in  which  it 
exists,  as  containing  all  the  principles  which  arc  required 
for  atiimal  nutrition  :  hence  the  superiority  of  wheat, 
which  contains  it  in  so  large  a  proportion,  to  the  othernu- 
tritive  grains.    It  is  on  the  presence  of  this  principle  too, 
that  the  superior  quality  of  bread  from  wheat,  compared 
with  that  from  the  other  grains  or  roots  depends,  as  Bec- 
caria  remarked.    The  flour  of  these  forms  with  water  a 
solid  friable  paste  ;  while  the  flour  of  wheat  forms  a  paste 
that  is  ductile  and  elastic,  the  gluten  forming  the  body  of 
the  paste  through  which  the  fecula  and  saccharine  matter 
are  diffused ;  and  when  the  slight  fermentation  which  it 
suflFers,  probably  from  changes  in  the  saccharine  matter 
favoured  by  the  presence  of  the  gluten,  takes  place,  this 
paste  becomes  spongy  and  porous,^  from  the  disengagement 
of  the  carbonic  acid  gas,  while  it  still  retains  ia  some  mea- 
sure its  elasticity ;  hence  the  lightness  and  porosity  of 
well-baked  wheaten  bread.    Bread  possessing  these  qua- 
lities cannot  be  prepared  from  the  farina  of  oats,  barley, 
rye  or  rice,  or  from  that  of  any  of  the  nutritive  roots,  as 
in  all  these  the  quantity  of  gluten  is  inconsiderable,  and  in 
some  of  them  no  trace  of  it  can  be  discovered. 


It  has  been  long  known,  that  the  expressed  juices  of  a 
number  of  plants,  of  the  cruciform  kind,  contain  a  prin- 
ciple analogous  In  its  properties  to  animal  matter,  which 
is  liable  to  putrefaction,  and  evolves  ammonia  during  it?; 
decomposition.  Rouelle  regarded  this  as  a  variety  of  ve- 
getable gluten,  and  he  supposed  it  to  form  the  basis  o^^ 
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the  green  fecula  which  is  contJined  in  the  expre3se(3' 
juices  of  many  plants.  Fourcroy,  a  number  of  years  af- 
terwards, finding  that  this  principle  exists  in  solution  in 
these  juices  ;  that  it  is  separated  by  coagulation  by  heat ; 
that  it  is  also  copulated  by  acids,  while  it  is  dissolved  by 
alkalis, — properties  in  which  it  approaches  to  the  proxi- 
mate principle  of  animal  matter,  denominated  Albumen, 
— considered  it  as  different  from  gluten,  and  gave  it  the 
name  of  Vegetable  Albumen  *.  Proust  has  more  lately 
called  in  question  the  opinion  of  Fourcroy,  and  revived 
that  of  Rouelle  :  and  the  question  as  to  the  nature  of  this 
principle,  is  involved  in  some  uncertainty.  It  wants  some 
of  the  physical  characters  of  gluten,  but  this  may  he  owing 
to  the  form  in  which  it  is  obtained  ;  it  approaches  to  it  in 
several  of  its  chemical  characters  :  and  on  the  whole  may 
with  most  probability  be  regarded  as  a  variety  of  it.  As 
such  its  history  may  be  delivered  under  this  section. 

If  scurvy  grass,  cabbage,  cresses,  or  horse-radish,  in 
the  recent  state,  be  subjected  to  pressure,  the  juice  that 
is  obtained  is  somewhat  turbid  ;  but,  on  raising  its  temper- 
ature to  between  170°  and  212°,  small  flocculi  are  form- 
ed, which  are  diffused  through  the  liquid,  or  subside  from 
it,  and  are  easily  separated  by  filtration.  It  is  this  matter 
which  Fourcroy  considers  as  vegetable  albumen,  or  which, 
with  Rouelle  and  Proust,  we  may  regard  as  analogous  to 
gluten. 

In  its  separation,  part  of  the  green  colouring  matter  of 
the  plant,  in  a  state  somewhat  similar  to  fecula,  and  some-» 
times  of  a  resinous  nature,  a;dheres  to  it  •,  but  Fourcrov 


Annales  de  Chimic,  torn.  iii.  p.  232. 


OF  GLUTEX.  ]63 

succeeded  In  separating  this,  by  the  following  process: 
The  juice  of  young  cresses  being  passed  through  a  paper 
filtre,  left  the  grosser  fecula  suspended  in  it  on  the  filtre  : 
the  filtered  liquid,  though  limpid,  was  of  a  green  colour  ; 
but  after  exposure  to  the  air  for  two  hours,  it  became  tur- 
bid, and,  on  being  filtered  again,  became  limpid,  leaving 
a  quantity  of  green  fecula  on  the  filtre.  On  now  plung- 
ing the  vessel  containing  it  into  a  bath  of  boiling  water, 
in  a  few  minutes  it  became  turbid,  and  a  whitish  coagu- 
lated matter  separated  from  it.  Another  portion  of  the 
juice,  left  exposed  to  the  air  for  two  days,  deposited  simi- 
lar flocculi ;  and  they  were  also  separated  by  the  addition 
of  sulphuric  acid  *. 

This  concrete  matter  was  found  by  Fourcroy  to  be  in- 
soluble in  water,  even  when  boiling :  it  gave  a  green  tinge 
to  paper  coloured  with  mallow  flowers  :  the  alkalis  dis- 
solved it  readily  :  macerated  in  water,  it  swelled,  became 
soft,  exhaled  a  foetid  ammoniacal  odour,  and  passed  to  a 
state  of  putrefaction  :  exposed  to  a  dry  and  warm  atmos- 
phere, after  having  been  pressed  between  bibulous  paper, 
it  acquired  a  degree  of  ductility  and  transparency  similar 
to  that  of  glue :  subjected  to  destructive  distillation,  it  af- 
forded a  large  portion  of  ammonia.  These  characters  are 
equivocal,  if  regarded  as  serving  to  determine  that  this  is 
a  principle  distinct  from  gluten,  and  analogous  to  animal 
albumen.  The  most  characteristic  property  of  this  last 
substance  is  its  being  coagulated  by  heat,  separating  from 
the  liquid  in  which  it  is  dissolved,  and  assuming  a  floc- 
culent  form.    So  far  this  principle  contained  in  these  ve- 
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getable  juleps  resembles  albumen.  But  in  the  history  of 
gluten  it  has  appeared,  that,  by  the  medium  of  certain  re- 
agents, of  a  very  small  quantity,  for  example,  of  acetous 
acid,  it  may  exist  in  solution  in  watpr  j  and  that,  when 
this  liquor  is  heated,  the  gluten  separates  in  flakes.  Proust 
haii  remarked,  too,  that  the  coagulation  of  this  matter 
from  the  vegetable  juices  takes  place  at  145^  of  Fahren- 
heit, while  albumen  does  not  at  that  temperature  experi- 
ence the  slightest  change.  He  has  farther  found,  that 
when  the  vegetable  juice  is  largely  diluted  with  water,  as 
with  20  parts,  the  peculiar  matter  still  separates  from  it 
by  coagulation,  when  the  temperature  is  raised  ;  while 
animal  albumen,  equally  diluted,  does  not  coagulate  when 
heated,  the  liquid  becoming  opalescent ;  and  no  flocculi 
separate,  even  when  the  liquor  is  boiled  *. 

This  vegetable  principle  is  coagulated  by  acids, — a  pro- 
perty in  which  it  resembles  albumen.  But  the  gluten  of 
vegetables  is  also  precipitated  by  some  of  the  acids.  Al- 
kohol  throws  down  the  vegetable  albumen,  as  it  has  been 
named,  in  the  state  of  an  opaque  whitish  powder  ;  while 
it  precipitates  animal  albumen  in  light  flocculi. 

This  principle  is  dissolved  by  alkalis.  But  the  gluten 
of  vegetables  is  also  dissolved  by  the  alkalis :  this  latter 
principle  does  not,  indeed,  appear  to  be  so  easily  soluble 
as  the  other  but  this  difl'erence  may  arise  from  aggrega- 
tion, or  from  some  slight  modification  of  composition. 
.  The  other  characters  enumerated  by  Fourcrov,  as  serv- 
ing to  connect  this  substance  with  albumen,  are  less  ap- 
propriate.  Insolubility  in  water,  being  Hable  to  putrefac- 
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lion,  and  evolving  ammonia,  either  u'hen  suffering  this 
change,  or  when  decomposed  by  heat,  are  characters  be- 
longing to  vegetable  gluten,  as  well  as  to  animal  albumen. 

One  property  assigned  to  it  by  this  chemist,  which  is 
peculiar  to  albumen,  is  changing  some  of  the  vegetable 
colours,  as  that  of  mallows,  to  a  green.  But  according  to 
Proust,  when  it  is  washed  it  does  not  produce  this  change, 
and  the  juices  in  which  it  is  contained  have  no  such  pro- 
perty ;  some  of  them  even,  as  the  juice  of  cabbage  or 
liemlock,  render  litmus  red.  Wiien  tlvc  vegetable  princi- 
ple does  possess  this  property,  therefore,  it  is  probably 
owing  to  the  evolution  of  ammonia. 

Proust  has  pointed  out  other  properties  in  which  this 
principle  dilFers  from  albumen,  such  as  that  of  being  pre- 
cipitated by  a  number  of  neutral  salts,  which  do  not  ren- 
der albumen  turbid ;  and  being  much  more  liable  to  spon- 
taneous decomposition  than  albumen.  The  question,  how- 
ever, is  not  so  much,  whether  this  principle  is  perfectly 
the  same  with  albumen,  as  whether  it  is  essentially  differ- 
ent from  the  gluten  of  wheat ;  and  the  preceding  facts  ap- 
pear to  prove,  that  the  differences  between  them  are  not 
considerable,  and  not  sufHcient  to  characterize  them  as  disr 
tinct  principles. 

One  circumstance  which  confirms  this,  and  strength- 
ens the  suspicion,  that  this  matter,  separable  by  coagula- 
tion from  a  number  of  the  vegetable  juices,  is  vegetabl? 
gluten  somewhat  disguised  by  the  state  in  which  it  exists, 
is,  tliat  it  exists  in  the  water  employed  in  preparing  the 
starch  from  wheat-flour,  and  is  separated  from  it  by  coa- 
gulation by  heat,  as  Fourcroy  has  remarked,  in  the  same, 
manner  as  from  the  expressed  juices.     It  is  rather  mor? 
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probable,  that  a  portion  of  the  gluten  known  to  exist  in 
this  flour  shall  be  in  solution,  and  be  the  substance  separat- 
ed in  this  manner,  than  that  it  shall  be  a  distinct  principle, 
especially  as  it  is  proved,  that  the  solubility  of  gluten  is 
promoted  by  the  action  of  acetic  acid,  and  that  this  acid  is 
contained  in  the  water  employed  in  the  preparation  of 
Starch.  Proust  has  accordingly  observed,  that  this  matter 
suffers  changes  like  gluten:  kept -in  a  humid  state,  it  forms 
acetic  acid  and  ammonia,  and,  like  gluten,  acquires  the 
odour  and  taste  of  cheese  ;  and  Fourcroy  has  even  observ- 
^d^  in  his  late  researches  with  Vauquelin  on  the  analysis 
of  the  farina  of  wheat,  that  it  is  analogous  to  gluten  *, 

It  is  to  be  observed,  too,  that  there  must  be  considera- 
ble difficulty  in  obtaining  this  principle,  so  as  to  have  all 
the  physical  qualities  of  gluten  by  any  other  process  than 
that  by  which  we  obtain  the  gluten  of  wheat.  Fourcroy 
himself  has  justly  observed,  that  if  a  different  process  be 
followed  with  regard  to  this  very  substance, — if,  instead 
of  being  made  into  a  paste  and  kneaded  with  water,  it  be 
diffused  at  once  in  a  large  quantity  of  water,  the  separa- 
fion  of  the  fecula  no  longer  properly  takes  place,  and  the 
gluten  is  no  longer  obtained.  It  then  probably  exists  in 
the  water  in  precisely  the  same  state  as  in  the  vegetable 
juices,  and  may  perhaps  be  capable  of  being  separated  by 
a  process  similar  to  that  which  is  applied  to  them. 

According  to  Proust,  the  principle  now  described  exists 
in  a  great  number  of  plants.  It  is  found  in  the  expressed 
juice  of  borage,  cider,  aud  buckthorn  also,  in  grapes, 
quinces,  apples,  and  other  fruits  •,  and  in  the  acorn,  ches- 


*  Aonalcs  du  Museum  d'Histoire  Naturelle,  torn.  vii.  p.  3, 
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B-ut,  horse-chesnut,  rice,  barley,  rye,  pease,  and  beans  of 
all  kinds  Seguin  has  remariced,  that  it  renders  more 
susceptible  of  fermentation,  the  vegetables  in  which  it  is 
contained. 


SECT.  V. 

OF  ALUUMEX. 

Though  the  principle  which  has  hitherto  received  the 
name  of  Vegetable  Albumen,  appears,  from  the  observa- 
tions in  the  preceding  section,  to  be  a  variety  of  gluten, 
there  is  reason  to  admit  the  existence  of  a  vegetable  pro- 
duct, to  which  that  name  may  be  with  propriety  applied, 
as,  in  the  greater  number  of  its  properties,  it  has  a  strict 
resemblance  to  animal  albumen.  It  exists  in  the  juice  of 
a  plant,  a  native  of  the  Isle  of  France,  the  Carica  papaya, 
a.nd  has  been  made  the  subject  of  experiment  by  Vauque- 
lin  f ,  and  by  Cadet  X-  C^  the  products  of  the  vegeta- 
ble system,  it  is  the  one  which  approaches  most  nearly  to 
animal  matter ;  and  it  might  indeed  be  regarded  as  a  varie- 
ty of  it,  if  its  origin  were  not  known. 

The  juice  which  contains  this  principle  issues  from  the 
tvee  white  as  milk;  in  a  few  minutes  it  coagulates  ;  floc- 
culi  of  a  white  matter  like  cheese  separate,  and  swim  in 
the  liquid  part,  which,  after  the  coagulation,  is  transpar- 


*  Philosophical  Magazine,  vol.  xvii.  p.  31. 

f  Annales  de  Chimie,  torn,  xliii.  p.  267. ;  torn.  xlix.  p.  295- 

J  Ibid.  totn.  xlix.  p.  250. 
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ent.  The  juice  is  diffused  through  all  the  parts  of  the 
tree,  but  is  most  abundant  in  the  fruit  while  unripe. 

The  experiments  of  Vauqueiin  were  made  upon  this 
substance  in  three  states:  1st,  In  the  solid  state  to  which 
it  had  been  reduced  by  exposure  to  the  sun ;  2dly,  In  its 
natural  state,  it  having  been  preserved  in  bottles  well  clos- 
ed ;  and,  3dly,  In  the  state  of  the  natural  juice,  mixed  with 
sugar  to  preserve  it  without  alteration. 

The  juice  inspissated  by  exposure  to  the  sun,  is  of  a  yel- 
lowish white  colour  some  parts  of  it  are  even  of  a  pure 
white  and  semi-transparent.  It  is  brittle  and  easily  reduced 
to  powder  when  it  is  very  dry  :  it  melts  easily  in  the  mouth, 
impressing  a  singular  taste, and  exciting  a  copious  discharge 
of  saliva.  It  attracts  humidity  from  the  air,  and  changes 
into  a  viscid  paste.  It  is  dissolved  readily  by  cold  water, 
and  still  more  quickly  and  abundantly  by  warm  water  ;  a 
small  quantity  of  a  white  matter  only  being  left  undissol- 
ved, which  has  an  unctuous  appearance,  melts  easily,  and 
diffuses  an  odour  similar  to  that  of  empyreumatic  fat.  Its 
concentrated  solution  becomes  turbid,  and  coagulates  on 
ebullition  ;  but  the  whole  of  the  dissolved  matter  does  not 
separate,  as  a  portion  is  precipitated  by  other  re-agents. 
Alkohol  added  in  large  quantity  to  the  watery  solution  of 
the  juice,  precipitates  it  completely,  and  without  occasion- 
ing in  it  any  alteration.  Sulphuric,  nitric,  and  muriatic 
acids,  coagulate  it  abundantly  and  a  precipitation  is  oc- 
casioi\ed  by  a  number  of  metallic  solutions,  as  those  of 
quicksilver,  silver,  and  lead.  Exposed  on  burning  fuel, 
it  burns,  decrepitating  slightly,  and  diffusing  a  foetid  am- 
moniacal  odoui^,  as  animal  substances  do.  Subjected  to 
destructive  distillation,  it  gives  much  carbonate  of  ammo- 
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luti ;  a  thick  black  oil,  the  greater  part  of  which  falls  to 
the  bottom  of  a  brown  liquid,  which  is  produced  at  the 
same  time  ;  carbonic  acid,  and  carburetted  hydrogen  gases 
are  disengaged,  and  there  re-mains  a  charcoal  light,  difficult 
to  burn,  and  which  leaves  as  ashes,  a  little  earthy  matter 
x:onsisting  of  lime,  and  phosphate  of  lime.  Distilled  with 
weak  nitric  acid,  it  gives  a  large  quantity  of  aerial  fluid, 
consisting  of  carbonic  acid,  and  nitrogen:  and  in  dissolving 
in  the  acid,  it  communicates  to  it  a  yellow  colour  and  a 
very  bitter  taste.  There  is  also  formed  a  large  quantity 
of  prussic  acid,  and  oxalic  acid.  Lastly,  it  is  liable  to  pu- 
trefaction ;  its  watery  solution  decomposes  when  kept, 
and  acquires  a  foetid  odour,  as  animal  matter  does. 

With  regard  to  the  liquid  juice,  on  opening  the  bottle 
in  which  it  was  preserved,  an  clastic  fluid  was  disengaged 
with  such  violence,  as  to  throw  part  of  the  liquid  to  a 
distance  :  this  gas  was  ascertained,  both  by  Cadet  and 
Vauquelin,  to  be  carbonic  acid,  produced  no  doubt  by  the 
decomposition  of  some  principle  contained  in  the  juice. 
Masses  of  a  white  matter  similar  to  cheese,  floated  in  the 
liquor:  these  in  drying,  assumed  the  semi-transparence  of 
horn  :  the  dried  matter  softened  when  heated,  and  exhaled 
a  white  vapour,  with  an  odour  similar  to  burnt  unctuous 
matter  :  it  dissolved  abundantly  in  warm  alkohol,  from 
which  it  in  part  separated  again  in  cooling.  This  matter, 
evidently  sebaceous,  appeared  to  Vauqueliii  to  have  ori- 
ginated in  the  decomposition  of  the  juice  itself. 

The  liquid  part  contained  a  principle  which  had  pro- 
perties similar  to  those  of  the  inspissated  juice,  with  a  por- 
tion of  acetic  acid,  (not  malic  as  Cadet  had  announced),  o- 
riginating  probably  from  decomposition;  as  there  is  no  sen- 
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sible  acidity  in  the  inspissated  juice.  Its  odour  was  fcetid 
and  very  disagreeable  :  it  had  a  taste  at  once  acid,  bitter, 
and  astringent.  Wiien  rendered  limpid  by  filtration,  it  had 
still  the  same  taste  and  smell.  The  acids  coagulated  it 
into  a  mass  very  thick,  which  had  a  great  resemblance  to 
the  -white  of  an  egg,  or  to  dried  albumen.  The  action  of 
oxymuriatic  acid  was  rather  peculiar  :  when  added  in  small 
quantity,  it  gave  a  rose  colour ;  in  a  larger  quantity  a  vio- 
let j  and  in  a  still  larger  quantity,  it  destroyed  the  colour  : 
and  as  these  phenomena  did  not  appear  when  this  acid  was 
added  to  the  inspissated  juice,  it  follows,  that  some  change 
must  have  taken  place  during  the  inspissation,  subversive 
of  the  property  of  forming  these  colours.  Pure  potassa 
formed,  when  added  to  the  filtered  liquid  juice,  a  preci- 
pitate of  a  white  colour,  and  caused  the  exhalation  of  a 
strong  ammoniacal  odour.  The  liquid  when  filtered  after 
this,  still  assumed  a  violet  colour,  from  the  addition  of 
oxymuriatic  acid.  Alkohol  added  to  the  juice  evaporated 
until  it  had  acquired  the  consistence  of  a  syrup,  produced 
a  very  abundant  precipitate.  The  infusion  of  galls  formed 
also  ;l  precipitate  in  large  quantity. 

The  juice  that  had  been  preserved  with  the  addition  of 
sugar,  had  not  sufi^ered  any  particular  change  ;  for  when 
the  sugar  was  separated  by  alkohol,  it  presented  the  same 
properties  as  the  concrete  natural  juice. 

Vauquelin  also  examined  a  quantity  which  had  been 
preserved  by  mixture  with  rum,  but  it  appears  to  have 
undergone  a  greater  change  in  its  properties. 

Vauquelin  observes,  that  from  these  experiments  there 
can  be  no  doubt  that  the  juice  of  this  tree  is  composed 
principally  of  a  matter  which  has  all  the  characters  of  ani- 
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mal  substances,  approaching  most  nearly  to  those  of 
albumen ;  since,  when  dry,  it  dissolves  like  it  in  water  : 
the  solution  too,  like  that  of  albumen,  is  coagulated  by 
heat,  by  acids,  alkalis,  metallic  solutions,  infusion  of  galls, 
and  alkohol  i  and,  lastly,  it  affords  by  decomposition  by 
heat,  or  by  the  action  of  nitric  acid,  absolutely  the  same 
products  that  animal  substances  the  most  completely  cha- 
racterized do.  It  may,  therefore,  properly  receive  the  name 
of  Vegetable  Albumen.  We  cannot,  adds  Vauquelin,  regard 
without  interest  a  substance  produced  by  a  vegetable,  pre- 
senting all  the  characters  of  animal  matter  ;  and  we  per- 
ceive from  this  example,  that  nature  has  given  to  certain 
species  of  plants,  the  power  of  forming  combinations  simi- 
lar to  those  produced  in  the  animal  machine, — a  fact  in- 
deed established,  though  undoubtedly  in  a  less  striking  man- 
ner, by  the  production  of  gluten  in  the  vegetable  system. 

SECT.  vr. 

OF  GELATIN,  OR  JELLY. 

The  juice  of  certain  fruits,  as  the  currant,  when  ex- 
pressed, if  not  too  watery,  concrete  into  a  kind  of  tremu- 
lous jelly.  There  is  none  of  the  known  principles  of  ve- 
getables to  which  this  property  can  well  be  assigned  :  it  is 
one,  too,  extremely  characteristic,  and  until  the  subject 
be  farther  investigated,  it  is  necessary  to  consider  it  as  dis- 
tinctive of  a  peculiar  principle,  to  which  the  name  of  Ge- 
latin or  Jelly  may  be  given.    There  is  an  animal  princi- 
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pie  which  has  received  the  name  of  gelatin,  which  hag 
likewise  the  property  of  forming,  with  a  certain  proportion 
of  water,  a  tremulous  jelly,  but,  except  In  this  particular, 
vegetable  jelly  appears  to  have  no  similarity  to  it,  nor  does 
it  even  appear  to  approach  to  animal  matter  in  its  chemi- 
cal characters  or  composition  :  it  is  not  liable  to  putrefac- 
tion, but  suffers  that  slow  decomposition  which  vegetable 
matter  in  a  humid  state  usually  undergoes. 

Scarcely  any  observations  have  been  made  on  this  prin- 
ciple, except  what  has  been  incidentally  stated  by  Vauque- 
lin  in  his  analysis  of  different  vegetable  substances,  parti- 
cularly in  a  memoir  on  the  analysis  of  the  fruit  of  the  Ta- 
marind*, and  in  another  on  the  analysis  of  the  pulp  of 
the  Cassia  fistula  f ,  in  both  of  which  it  is  contained. 

It  is  soluble  only  in  small  quantity  in  cold  water,  even 
with  agitation  ;  but  boiling  water  dissolves  it  abundantly, 
and  the  solution  forms  a  jelly  when  it  cools.  It  is  neces- 
sary to  obtain  the  gelatinous  consistence,  that  there  should 
be  a  certain  proportion  between  the  gelatinous  matter  and 
the  water  •,  and  if  boiled  a  long  time  with  water,  it  loses 
the  property  of  forming  a  jelly.  Hence  the  reason,  as 
Vauquelln  has  remarked,  that  in  the  preparation  of  the 
vegetable  jellies,  which  are  formed  by  boiling  the  juices  of 
certain  fruits  with  sugar,  it  often  happens,  that  if  the  pro- 
portion of  sugar  is  not  sufficiently  large  to  absorb  the  wa- 
ter of  the  juice,  or  form  with  it  a  »yrup,  and  if,  in  conse- 
quence, it  is  necessary  to  boil  the  liquor  to  dissipate  part 
of  the  water,  it  does  not  concrete  into  a  jelly  on  coolinp;, 
and  the  property  may  even  be  entirely  destroyed. 


*  Aripales  de  Chimie,  torn.  v.  p.  101. 
t  Ibid,  toin.  vi.  p.  282. 
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Jelly  may  be  obtained  in  a  solid  form  by  drying.  That 
from  the  pulp  of  the  tamarind,  Vauquelin  found  to  be 
transparent. 

This  principle,  at  least  that  variety  of  it  obtained  from 
the  pulp  of  cassia,  unites  easily  with  alkalis  :  nitric  acid  in 
affording  to  it  oxygen,  causes  it  to  pass  into  oxalic  acid, 
without  disengaging  from  it  any  sensible  proportion  of  ni- 
trogen :  it  forms  a  precipitate,  as  Dr  Bostock  has  remarked, 
with  infusion  of  galls.  When  subjected  to  destructive  dis- 
tillation, along  with  the  elastic  fluids  usually  obtained 
from  the  decomposition  of  vegetable  substances,  it  affords 
much  pyromucous,  or  empyreumatic  jy^etic  acid,  very  little 
oil,  and  almost  no  ammonia.  When  burnt,  its  ashes,  which 
are  in  small  proportion,  contain  a  httle  carbonate  of  potassa, 
carbonate  of  lime,  argil,  and  oxide  of  iron. 

Fourcroy  has  supposed  that  this  gelatinous  matter  is  a 
combination  of  mucilage  and  vegetable  acid  ; — an  opinion 
that  is  vague,  and  liable  to  the  objection  that  we  do  not 
perceive  how  the  addition  of  the  acid  could  so  far  modify 
the  properties  of  mucilage,  nor  have  we  any  proof  that  it 
could  produce  such  an  effect. 


SeguiN  had  supposed,  that  a  principle  still  more  strict- 
ly analogous  to  animal  gelatin  exists  in  some  vegetables, 
particularly  in  Peruvian  bark,  its  presence  being  recogni- 
sed, as  he  supposed,  by  a  character  peculiar  to  animal  ge- 
latin, that  of  forming  an  insoluble  magma  or  preclpit;:te 
with  infusion  of  tanin.  In  this  principle  he  even  suppos- 
ed that  the  febrifuge  power  of  this  bark  resided,  and  with 
much  confidence  recomm'r-ndpd  animal  glue  as  a  substi- 
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tute  *.  On  this  subject  some  experiments  were  made  by 
Dr  Duncan  junior.  He  found,  that  a  principle  does  exist 
in  Peruvian  bark,  which  combines  with  tanin,  and  forms 
a  compound  sparingly  soluble  in  water.  But  it  is  in  no 
other  property  analogous  to  gelatin.  Its  solution  has  no 
tendency  to  assume  a  gelatinous  consistence  ;  and  it  is  not 
precipitated  as  animal  gelatin  is,  by  carbonate  of  po'.assa. 
It  is  also  soluble  in  alkohol,  while  gelatin  is  precipitated 
by  alkohol  from  its  watery  solution.  And  it  docs  not  even 
separate  from  a  watery  solution  of  tanin,  all  that  is  preci- 
pitable  by  a  solution  of  gelatin.  Until  its  characters  are 
more  fully  determined,  Dr  Duncan  has  proposed  to  dis- 
tinguish it  by  the  name  of  Cinchonin  f.  Vauquelin,  in  his 
analysis  of  the  various  species  of  cinchona,  has  shewn,  that 
there  are  some  which  contain  none  of  this  principle,  and 
which  are  not  inferior  to  the  others  in  medicinal  power.  He 
has  added  in  the  same  memoir,  someother  observations  with 
regard  to  its  properties,  but  its  distinctive  characters  are 
not  yet  well  ascertained  %. 


SECT.  VH. 

OF  caoiTtchouc. 

Caoutchouc,  or,  as  it  is  usually  though  improperly 
named,  Elastic  Gum,  is  a  vegetable  substance,  which  in  se« 
vera!  of  its  physical  qualities,  as  well  as  in  its  chemical  re- 


*  Nicholson's  Journal,  vol.  vi.  p.  136.  f  Ibid.  p.  225. 
t  Philosophical  Magazine,  vol.  xxvii.  p.  36.  133. 
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lations,  has  some  similarity  to  vegetable  gluten,  and  which 
so  far  agrees  both  with  it  and  albumen,  as  to  approach  in 
the  nature  of  its  composition  to  animal  matter.  It  in  some 
measure  connects  also  the  preceding  principles  with  those 
wlilch  are  to  follow,  and  I  therefore  place  it  in  tliis  part 
of  the  arrangement. 

The  substance  to  which  the  name  of  Caoutchouc  or  E- 
lastic  Gum  has  been  given,  was  brought  from  Spanish 
America,  in  the  form  of  hollow  spheres  or  bottles,  in  which 
state  it  is  still  imported  into  Europe  ;  hence  it  must  have 
undergone  some  artificial  preparation.  Condamine  gave 
the  information,  that  it  is  the  inspissated  juice  of  a  tree  be- 
longing to  the  family  of  the  Euphorbia,  which  has  since 
received  the  botanical  name  of  Haevea  guianensis,  or  Hx- 
vea  caoutchouc.  Incisions  are  made  in  the  bark  of  this 
tree,  and  a  milky  juice  exudes.  This  is  applied,  in  suc- 
cessive coatings,  over  a  mold  of  clay  j  is  dried  by  exposure 
to  the  sun,  and  afterwards,  by  being  placed  in  the  smoke 
from  burnhig  fuel ;  when  dry,  the  clay  mold  is  broken  and 
the  fragments  are  extracted,  and  in  this  manner  the  sphe- 
rical bottles  afe  formed. 

It  has  since  been  discovered,  that  caoutchouc  is  not  ex- 
clusively the  produce  of  this  vegetable,  but  is  furnished  by 
other  plants,  either  perfectly  the  same,  or  with  very  slight 
variations  of  properties.  It  is  obtained  in  large  quantity 
from  the  Jatropha  elastica,  a  native  of  different  provinces 
of  South  America.  Dr  Roxburgh  has  described  another 
vegetable,  a  native  of  India,  the  Urceola  elastica,  which  af- 
fords a  juice,  which  when  thickened  has  the  properties  of 
the  American  caoutchouc  ;  and  he  has  farther  observed, 
that  there  are  many  other  trees,  natives  of  the  torrid  zone, 
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that  yield  a  milky  juice,  p{>f5sessing  qualities  nearly  of  the 
same  nature ;  as  Artocarpus  integrifolia,  Ficus  Indica,  Fi- 
cus  religiosus,  Ilippomane  biglandulosa,  &c  *. 

Fourcroy  procured  specimens  of  the  juice  of  the  caout- 
cliouc  in  the  state  in  which  it  exists  previous  to  its  inspis- 
sation,  from  the  island  of  Bourbon,  from  Cayenne,  and 
the  Brazils,  and  examined  its  properties.    Each  of  these 
contained  a  white  turbid  liquor,  of  an  unsupportab'e  foetid 
smell  i  in  the  midst  of  which  was  a  white  concrete  matter, 
rather  spongy  at  its  surface-  very  elastic,  of  a  soft,  fine, 
and  close  texture.    These  concretions  had  the  form  of  the 
bottles  that  contained  them,  but  were  less  in  size  :  they 
had  been  deposited  by  time,  and  without  evaporation,  for 
the  bottles  were  well  closed,  and  had  lost  nothing.  The 
juice,  when  exposed  to  the  air,  became  speedily  covered 
with  a  crust  of  elastic  gum.    In  a  vessel  filled  with  oxy- 
gen gas,  tlie  liquid  afforded  an  elastic  pellicle  more  speed- 
ily, and  a  sensible  absorption  of  gas  took  place.  Alkohol 
separated  flakes,  and  oxymuriatic  acid  immediately  form- 
ed an  elastic  precipitate.  From  these  experiments  he  con- 
cluded, that  caoutchouc  exists  ready  formed  in  the  juice  of 
the  tree,  and  is  capable  of  being  separated  in  the  concrete 
form  ;  but  tliat  a  portion  also  exists  not  sufficiently  perfect 
to  be  deposited  with  its  elastic  property  ;  that  it  acquires 
this,  together  with  its  inspissatlon,  from  the  action  of  oxy- 
gen ;  and  that  by  this  operation,  exposure  to  the  atmos- 
phere influences  the  concretion  of  caoutchouc  in  the  usual 
process  in  which  it  is  brought  to  the  solid  form  f.  Dr 
Roxburgh  has  likewise  observed,  that  the  milky  fluid  which 


*  Nicholson's  Journal,  4to,  vol.  iii.  p.  435. 
f  J  Annalcs  de  Chimie,  torn.  xi.  p.  223. 
(  Chemical  System,  vol,  viii.  p.  46. 
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oozes  from  incisions  in  the  bark  of  the  Urceolji  elastica, 
separates  on  exposure  to  the  air  into  a  firm  elastic  coagu- 
lum,  and  a  watery  liquid  ;  the  coagulum  becoming  of  a 
darker  colour  from  the  action  of  the  air,  and  being  no 
longer  soluble  in  the  liquid,  though  before  intimately  blend- 
ed with  it.  The  purest  caoutchouc  Fourcroy  supposes  to 
be  that  which  separates  spontaneously  from  the  juice  in 
close  vessels.    It  is  white,  or  of  a  light  fawn  colour. 

The  properties  of  caoutchouc  have  been  determined, 
however,  principally  from  the  state  in  which  it  exists  in 
the  elastic  bottles  imported  into  Europe ;  and  in  this  state 
its  properties  do  not  seem  to  be  much  different  from  those 
cf  the  pure  caoutchouc.  Its  colour  is  a  light  brown  ;  its 
external  surface  Is  smooth  5  its  internal  texture  is  rough, 
and  presents  a  fibrous  appearance.  Its  specific  gravity  is 
nearly  the  same  with  water,  being  from  9.3335,  to  10.000. 
It  is  inodorous,  and  is  destitute  of  taste. 

The  most  remarkable  physical  property  of  which  this 
substance  is  possessed,  and  which  eminently  distinguisl^es 
it,  is  its  high  elasticity.  It  can  be  stretched  to  a  great 
length,  and  when  the  force  that  has  been  applied  to  it  is 
withdrawn,  it  returns  to  its  former  dimensions.  Its  pliancy 
is  increased  by  heat,  while  it  is  rendered  more  rigid  by 
cold  ;  and  its  softness,  which  is  connected  with  the  former 
quality,  is  so  much  increased  by  warmth,  that  it  can  be 
moulded  into  any  form,  and  two  parts  newly  cut  may  even 
be  pressed  together,  so  as  to  be  intimately  united.  A  cir- 
cumstance rather  singular  has  been  observed  by  Mr  Gough, 
with  regard  to  its  extension,  that  when  it  has  been  render- 
ed quite  pliant  by  heat,  as  by  keeping  it  for  a  short  time 
in  water  at  130°,  on  stretching  it  suddenly,  its  temperature 
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is  raised,  as  may  be  perceived  by  making  the  experiment 
upon  it,  kept  in  contact  with  the  lips,  and  on  permitting 
it  suddenly  to  contract,  the  temperature  falls ;  the  density- 
being  probably  augmented  by  the  stretching,  and  being  ac- 
companied with  a  diminution  of  capacity.  Accordingly 
Mr  Gough  found,  that  the  specific  gravity  of  a  slip  of  ca- 
outchouc is  increased  by  keeping  it  extended,  while  it  is~ 
weighed  in  water.  He  has  also  remarked,  that  if  caout- 
chouc be  stretched,  it  does  not  easily  recover  its  dimen- 
sions, if  the  temperature  be  diminished,  but  its  elasticity  is 
restored  by  moderate  warmth  *. 

Caoutchouc,  exposed  in  a  dry  state  to  a  high  tempera- 
ture, softens,  swells,  and  emits  a  foetid  odour  similar  to 
that  of  animal  substances:  as  the  heat  is  increased,  it  melts 
into  a  viscid  matter,  and  remains  in  this  state  when  cold. 
If  heated  sufficiently  high,  it  takes  fire,  and  burns  with  a 
vivid  light,  and  dense  smoke ;  in  the  countries  in  which  it 
is  produced,  it  has  been  used  for  torches. 

This  substance,  is  perfectly  insoluble  in  water :  it  is  sof- 
tened when  immersed  in  warm  Water,  as  has  been  already 
remarked,  an  effect  depending  rather  on  the  temperature, 
than  on  the  agency  of  the  water.  Even  when  the  water 
is  boiled  on  it  for  a  long  time,  it  preserves  all  its  softness 
and  elasticity,  and  suffers  no  apparent  change. 

It  is  also  insoluble  in  alkohol :  by  boiling  the  alkohol 
upon  it,  it  is  deprived  only  of  the  carbonaceous  matter 
which  is  interposed  between  each  layer  of  it,  as  usually 
prepared  :  it  is  therefore  by  this  operation  rendered  colour- 
less, and  the  layers  become  more  apparent. 


*  Manchester  Memoirs,  New  Series,  vol.  i.  p.  288. 
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Ether,  a  product  of  alkohol,  dissolves  it.    Macquer  ob- 
served, that  highly  rectified  sulphuric  ether  dissolves  it 
readily  ;  and  by  evaporation,  the  caoutchouc  may  be  ob- 
tained in  the  solid  state  unchanged.     Berniard,  on  the 
contrary,  found  caoutchouc  insoluble  in  sulphuric  ether, 
— a  difference  of  result,  explained  by  a  fact  discovered  by 
Cavallo,  that  ether  is  a  proper  solvent  of  this  substance, 
only  when  it  has  been  previously  well  agitated  with  wa- 
ter J  by  which  the  small  portion  of  sulphurous  acid  it  con- 
tains at  its  first  production  is  removed.  Pelletier  has^obser- 
ved,  that  if  the  caoutchouc  be  previously  boiled  in  water, 
until  it  is  swelled  and  softened,  it  is  easily  and  complete- 
ly dissolved  by  the  ether,  and  a  very  saturated  solution  ob- 
tained *.  Berniard  discovered,  in  the  series  of  experiments 
which  he  published  with  regard  to  this  substance  f ,  that 
it  is  dissolved  speedily  in  nitric  ether,  the  liquid  acquiring 
a  fine  yellow  colour,  even  in  the  cold  ;  and  when  heat  was 
applied,  the  whole  nearly  of  the  caoutchouc  was  dissolved. 
At  the  same  time  he  observed,  that  this  can  scarcely  be 
considered  as  a  proper  solution,  but  that  it  is  rather  owing 
to  the  decomposition  of  the  caoutchouc,  by  the  action  of 
the  nitric  acid  contained  in  the  nitric  ether  :  and  he  accord- 
ingly found,  that  when  the  solution  was  evaporated  slow- 
ly, a  substance  was  obtained  of  a  yellow  colour,  transparent, 
friable,  and  entirely  soluble  in  alkohol,  having  therefore  all 
the  characters  of  a  resin,  and  which  was  not  elastic.  Dr 
Roxburgh  did  not  find  the  caoutchouc  of  the  urceola  solu- 
ble in  nitric  ether,  perhaps  from  the  ether  he  used  having 
been  free,  or  nearly  so,  from  nitric  acid. 

*  Memoires  de  I'Institut.  National,  torn.  i.  p.  56. 

t  Journal  de  Physique,  torn,  xvii,  p.  277. » 
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Macquer  found,  that  the  volatile  oils  dissolve  caout- 
chouc by  the  assistance  of  heat :  this  was  confirmed  by 
Bcrniard,  who  examined  several  of  these  solutions,  as  those 
formed  by  the  oils  of  lavender,  spike,  and  turpentine.  They 
are  viscid,  and  even  when  inspissated  reraain  clammy.  He 
found,  that  it  was  likewise  dissolved  readily  by  the  fixed 
oils  when  they  were  boiled  on  it,  and  also,  though  more 
sparingly,  by  melted  wax. 

The  alkalis,  according  to  Berniard's  experiments,  do  not 
dissolve  caoutchouc  in  the  cold  :  when  macerated  for  six 
days  in  soapmakers'  ley,  it  was  not  sensibly  altered;  but  > 
on  boiling  them  for  half  an  hour,  it  was  corroded. 

The  acids  act  upon  it,  not  dissolving,  but  decomposing 
it.  In  Berniard's  experiment,  sulphuric  acid  did  not  act 
immediately  on  caoutchouc  immersed  in  it,  but  at  the  end 
of  fifteen  days  the  acid  was  coloured  :  it  at  length  became 
perfectly  black,  and  each  remaining  fragment  had  the  ap- 
pearance of  a  piece  of  charcoal.  The  acid  when  distilled, 
passed  over  almost  entirely  in  the  state  of  su]phuro''S  acid. 
Weak  nitrous  acid,  digested  in  the  cold  on  caoutchouc,  pro- 
duced in  six  days  no  sensible  change;  but  at  length  gra- 
dually corroded  and  hardened  it,  rendering  it  yellow  :  the 
strong  fuming  acid  decomposed  it  very  quickly.  Muriatic 
acid,  either  in  the  cold  or  with  the  assistance  of  heat,  did 
not  sensibly  alter  it  :  and  even  at  the  end  of  tv/o  n>onths, 
the  caoutchouc  immersed  in  it  had  preserved  its  colour, 
elasticity,  and  weight.  Acetic  acid,  in  the  state  of  dis- 
tilled vinegar,  had  no  effect  upon  it 

Caoutchouc,  decomposed  by  heat  in  close  vessels,  af- 


*  Journal  de  Physique,  torn.  xvii.  p.  274. 
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forded,  in  an  experiment  made  by  Berniard,  a  watery  li- 
quid, and  an  empyreumatic  oil,  with  ammonia  :  the  elastic 
products  he  did  not  collect :  there  remained  a  quantity  of 
charcoal.  In  this  analysis,  imperfect  as  it  is,  we  perceive 
the  approximation  of  this  substance  in  composition  to  ve- 
getable gluten.  Fourcroy  found  too,,  rhat  caoutchouc 
treated  by  nitric  acid  afforded  nitrogen  gas,  with  carbonic, 
prussic,  and  oxalic  acids  *. 

This  substance  is  capable  of  being  applied  to  important 
purposes,  from  its  softness  and  flexibility,  its  elasticity, 
and  particularly  its  indestructibility,  and  not  being  atfected 
by  air,  water,  or  indeed  the  greater  number  of  chemical 
agents.  Tubes  for  conveying  gases,  and  other  chemical 
instruments,  are  accordingly  prepared  from  it :  and  bou- 
gies, catheters,  and  similar  surgical  instruments  of  caout- 
chouc, are  much  preferable  to  what  can  be  prepared  from 
any  other  substance.  The  difficulty,  however,  in  apply- 
ing it  to  these  uses,  and  which  renders  instruments  pre- 
pared from  it  of  a  high  price,  is  that  of  finding  a  solvent 
which  can  dissolve  it  without  alteration,  so  that  by  inspis- 
sation,  it  can  be  obtained  with  its  elasticity  and  other  va- 
luable properties  unimpaired.  The  subject  has  engaged 
the  attention  of  a  number  of  chemists,  and  different  me- 
thods proposed,  some  of  which  are  at  present  employed. 

Macquer  having  discovered  the  solubility  of  caoutchouc 
in  ether,  supposed  that  advantage  might  be  taken  of  this, 
so  as  to  apply  it  to  these  purposes  :  the  concentrated  so- 
lution being  applied  on  a  mould  in  successive  layers,  each 
layer  being  allowed  to  dry  before  another  was  laid  over  it. 


*  Annales  de  Chimie,  tonj.  xi.  p.  230. 
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This  method,  however,  is  too  tedious  and  expensive  to  ad- 
mit of  being  much  used. 

The  solutions  of  it  in  oils,  can  scarcely  be  employed  in 
this  manner,  as  the  inspissated  caoutchouc  always  remains 
clammy,  and  cannot  be  rendered  perfectly  dry.  Dr  Rox- 
burgh found,  however,  that  the  solution  of  it  in  what  has 
been  named  Cajeput  oil,  obtained  by  distillation  from  the 
leaves  of  the  Melaleuca  leucadendron,  dried  perfectly  with- 
out any  remaining  clamminess ;  so  that  "  a  piece  of  cat- 
gut, covered  with  the  half  inspissated  solution,  and.  rolled 
between  two  smooth  surfaces,  soon  acquired  a  polish  and 
consistence  very  proper  for  bougies  *." 

Grossart,  in  a  memoir  on  this  subject  f ,  proposed  a  me- 
thod in  which  the  caoutchouc  was  not  fully  dissolved,  but 
merely  softened  so  far  that  it  adhered.  A  common  bottle 
of  it  was  cut  into  a  thin  slip,  and  this  was  macerated  in 
sulphuric  ether  until  it  was  softened.  It  was  then  remov- 
ed, and  rolled,  spirally  round  a  mould,  taking  care  to  press 
with  the  hand  the  sides  of  it  closely  together,  and  com- 
pressing  the  whole  by  a  slip  of  tape  and  thread.  A  hol- 
low tube  was  thus  formed  on  the  mould,  and  if  this  was 
made  a  little  conical,  it  was  easily  withdrawn  :  or  this  was 
facilitated  by  plunging  the  whole  in  warm  water,  which 
softened  and  expanded  the  caoutchouc.  To  lessen  the  ex- 
pence,  Grossart  employed  oil  of  lavender,  or  oil  of  turpen- 
tine, instead  of  the  ether,  and  found  that  either  of  them 
answered  sufficiently  well  j  a  longer  time  only  being  re- 
quisite to  have  the  tubes  perfectly  dry  and  firm.    And  in 


*  Nicholson's  Journal,  4to,  vol.  iii.  p.  439. 
f  Annales  de  Chimie,  torn.  xi.  p.  143. 
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prosecuting  these  researches  he  found,  that  the  same  pur- 
pose was  attained  merely  by  warm  water;  which,  proceed- 
ing in  the  same  method  as  with  the  ether,  softened  the  sUp 
of  caoutchouc  so  completely,  that  its  sides  formed  a  per- 
fect adhesion.    This  is  the  method  now  generally  follow- 
ed, I  believe,  in  the  construction  of  instruments  of  caout- 
chouc.  The  following  directions  have  been  given  for  the 
management  of  the  process,  the  heat  being  best  applied  by 
the  medium  of  boiling  water :  "  Split  a  stick  of  cane,  and 
then  apply  together  again  the  split  pieces,  but  with  a  slip 
of  whalebone  interposed  between  them.    Cut  the  elastic 
gum  into  slips  fit  for  twisting  over  the  prepared  cane,  so 
as  to  cover  it    then,  by  duly  heating  the  surface  of  the 
cane  covered  with  the  caoutchouc,  it  will  melt  so  as  to  form 
one  piece.    When  cold,  draw  out  the  interposed  whale- 
bone from  between  the  split  cane;  by  which  means,  with- 
out difficulty,  the  whole  substance  of  the  cane  may  then 
be  readily  withdrawn  from  under  the  covering,  thus  leav- 
ing the  tube  formed  as  desired 

The  solution  of  caoutchouc  in  some  of  the  oils,  has 
been  used  as  a  varnish,  to  render  flexible  substances,  as 
silk,  &c.  impermeable  to  water  or  air.  It  has  the  advan- 
tage of  being  perfectly  flexible,  but  it  is  long  before  it 
dries,  and  it  is  liable  to  be  softened  by  a  very  moderate 
heat.  To  render  it  less  viscid,  it  is  generally  prepared 
from  a  mixture  of  volatile  and  expressed  oil. 


The  vegetable  product  which  is  )cnown  by  the  name  of 
Birdlime,  has,  in  many  of  its  properties,  a  close  resem- 

*  Philosophical  Magazine,  vol.  xxii.  p.  S-iO. 
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blance  to  caoutchouc,  being  like  it  possessed  of  great  te- 
nacity and  elasticity,  and  having  nearly  the  same  general 
chemical  properties  j  so  much  so,  that  they  may  perhaps  be 
regarded  as  varieties  of  the  same  principle. 

Birdlime  appears  to  be  a  natural  production,  and  exudes 
spontaneously  from  certain  vegetables,  forming  a  viscid 
matter,  which  collects  on  their  leaves  or  stems.    It  is  thus 
secreted  in  considerable  quantity  by  the  Rbbinia  viscosa. 
It  is,  however,  generally  extracted  by  an  artificial  process, 
which  is,  in  some  measure,  kept  secret.    The  following 
account  of  it  is  given  by  Geoffroy  :  "  The  inner  bark  of 
the  holly  is  boiled  in  water  seven  or  eight  hours,  till  it  be- 
come soft  and  tender.    This  is  laid  in  masses  in  the  earth, 
and  covered  with  stones,  placing  one  layer  over  another, 
the  water  having  been  previously  drained  from  the  bark. 
In  this  state  it  is  left  to  ferment,  during  a  fortnight  or  three 
weeks,  in  which  time  it  changes  to  a  kind  of  mucilage.  It 
is  then  taken  from  the  pit,  pounded  in  mortars  till  redu- 
ced to  a  paste,  washed  in  river  water,  and  kneaded  till 
freed  from  all  extraneous  matters.    The  paste  is  left  in 
earthen  vessels  during  four  or  five  days,  to  ferment  and 
purify  itself.    It  is  afterwards  put  into  proper  vessels,  and 
thus  becomes  an  article  of  commerce  *."  .  The  same,  or 
A  similar  substance,  is  prepared  from  other  vegetables  5  as 
from  the  wild  vine,  and  the  different  species  of  misletoe  : 
and,  as  remarked  by  Lagrange,  who  has  lately  submitted 
it  to  chemical  investigation,  the  birdlime  of  commerce  is 
often  a  composition  of  the  above  preparation,  with  oil,  tur- 
pentine, and  other  viscid  substances.    To  obtain  it  pure, 
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he  prepared  it  £rom  the  inner  bark  of  the  holly,  by  a  pro- 
cess nearly  the  same  as  that  described  by  GeofFroy,  and  it 
is  from  his  memoir  *  that  the  following  account  of  its  pro- 
perties is  principally  taken. 

It  is  of  a  greenish  colour,  and  has  a  flavour  somewhat 
acescent :  its  smell  is  similar  to  that  of  linseed  oil ;  it  is  ex- 
tremely viscid  and  tenacious ;  and  when  the  hands  are 
wet,  so  that  it  can  be  handled,  it  can  be  stretched  out  to 
a  great  length,  and  on  withdrawing  the  stretching  force, 
it  gradually  returns  to  its  former  dimensions.  When 
stretched,  its  texture  appears  distinctly  fibrous. 

Spread  on  a  glass  plate,  and  exposed  to  the  action  of  air 
and  light,  it  dries  slowly,  becomes  brown,  and  loses  its 
viscosity,  so  that,  when  quite  dry,  it  can  be  reduced  to 
powder  •,  but  it  iiepovers  it  on  the  addition  of  water. 

It  reddens  the  infusion  of  litmus,  from  the  presence  of 
a  small  portion  of  acetic  acid,  which  is  probably,  however, 
foreign  to  its  composition. 

When  heated  gently  in  a  porcelain  vessel,  it  melts, 
though  without  becoming  very  liquid,  and  Swells  in  bub- 
bles which  rise  to  the  surface  :  if  the  fusion  be  continued, 
it  acquires  a  brown  colour ;  but  on  cooling,  it  recovers  its 
characters.  Placed  on  burning  fuel,  it  burns  with  a  bright 
flame,  and  the  emission  of  much  smoke  ;  and  it  equally 
takes  fire  and  burns  when  raised  to  a  red  heat  in  a  crucible  : 
a  whitish  residuum  is  obtained,  which  is  very  alkaline,  and 
in  which  re-agents  discover  the  presence  of  sulphate  and 
muriate  of  potassa,  and  which  contains  also  carbonates  of 
lime  and  argil,  with  a  small  portion  of  iron. 


*  Nicholson's  Journal,  vol.  xiii.  p.  Hi, 
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Water  has  little  action  on  birdlime.  On  boiling  it  in 
a  quantity  of  water,  it  does  not  dissolve,  but  acquires  ra- 
ther more  fluidity,  which  it  loses,  however,  in  cooling  ; 
and  the  water  receives  merely  a  slight  impregnation  of  a- 
cid  and  of  mucilage. 

The  action  of  the  alkalis  on  it  is  energetic.  Pure  po- 
tassa  forms  with  it  a  whitish  magma,  ammonia  being  at  the 
same  time  evolved.  This  matter  is  less  viscid  than  bird- 
lime :  it  hardens  from  exposure  to  the  air,  and  its  taste 
and  smell  are  similar  to  those  of  soap  :  it  is  almost  en- 
tirely soluble  in  water  and  in  alkohol  as  soap  is,  and  is  de- 
composed like  it  by  the  acids. 

The  acids  likewise  act  on  birdlime  :  when  diluted,  they 
soften  and  partly  dissolve  it  •,  when  concentrated,  they  de- 
compose it.  Sulphuric  acid  blackens  iq'jevolves  charcoal, 
and  causes  a  formation  of  acetic  acid  and  ammonia.  Ni- 
tric acid  in  the  cold  has  little  effect  on  it  ;  but,  on  apply- 
ing heat,  the  mixture  becomes  yellow,  the  birdlime  dis- 
solves, and,  as  the  evaporation  advances,  swells,  leaving  at 
length  a  hard  brittle  mass.  This,  by  being  again  sub- 
jected to  the  action  of  nitric  acid,  is  converted  into  oxa- 
lic and  malic  acids.  Muriatic  acid  in  the  cold  has  no  ac- 
tion on  birdlime  :  when  heated  on  it,  it  turns  it  black. 
Oxymuriatic  acid  produces  on  it  important  changes,  ei- 
ther by  shaking  the  gas  with  the  water  containing  bird- 
lime, or  by  stirring  it  with  the  acid  in  a  concentrated  state  : 
the  birdlime  loses  its  colour,  and  becomes  white  :  it  is 
no  longer  viscid,  but  in  hard  masses,  containing  in  their 
central  part  a  quantity  of  birdlime,  to  which  the  acid  has 
not  been  able  to  penetrate;  and  it  is  also  no  longer  fu- 
sible.   These  changes  appear  to  be  ov;ing  to  the  oxygen- 
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izement  of  the  birdlime.  Acetous  acid  softens  it,  and 
dissolves  a  certain  quantity,  the  liquor  acquiring  a  yel- 
low colour. 

A  number  of  the  metallic  oxides  are  reduced  when  heat- 
ed with  birdlime.  Oxide  of  lead  forms  with  it  a  compound 
of  the  consistence  of  plaster. 

Alkohol,  when  boiling,  dissolves  birdlime  :  the  solution, 
while  hot,  is  transparent,  but  becomes  turbid  as  it  cools ; 
and  a  yellow  matter  may  be  separated  by  filtration,  which 
is  softer  than  the  original  mass,  melts  m  a  moderate  heat, 
and  diffuses  an  odour  similar  to  that  of  wax,  of  the  pro- 
perties of  which  it  appears  to  be  possessed.  The  filtered  ■> 
liquor  is  bitter,  nauseous,  and  acid  ;  affording  a  precipi- 
tate on  the  addition  of  water,  and  leaving,  on  evaporation, 
a  substance  similar  to  resin. 

Sulphuric  ether  is  the  proper  solvent  of  birdlime :  it 
dissolves  it  rapidly,  and  nearly  entirely,  leaving  only  any 
impurities.  The  solution  is  of  a  greenish  yellow  colour, 
and  reddens  infusion  of  litmus.  On  adding  water  to  it, 
the  mixture  thickens,  and  the  ether  swims  on  the  top  :  if  a 
sufficient  quantity  of  water  is  added  to  dissolve  the  ether, 
a  quantity  of  oil  is  formed  on  the  surface,  having  a  consi- 
derable analogy  to  that  of  linseed.  By  evaporating  the  so- 
lution of  birdlime  in  ether,  a  greasy  substance  is  obtained, 
of  a  yellow  colour,  and  of  the  consistence  of  wax. 

Some  chemists  have  supposed  birdlime  analogous  to  glu- 
ten ;  and  there  are  certain  points  of  resemblance.between 
them.  It  differs  from  it,  however,  as  Lagrange  has  re- 
marked, in  being  much  less  animalized ;  hence  it  is  not 
liable  to  putrefaction,  but  qan  be  {jrcserved  in  water  along 
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time  without  any  sensible  change :  it  differs  also  in  the 
great  quantity  of  resinous  matter  that  may  be  formed  [fom 
it  by  nitric  acid,  and  in  its  solubility  in  ether. 

It  is  much  more  analogous  to  caoutchouc,  with  which, 
however,  it  has  not  been  usually  connected.  Like  it,  it 
is  possessed  of  great  tenacity  and  elasticity ;  is  fusible » 
inflammable,  affording  much  smoke  in  its  combustion  :  it 
is  insoluble  in  water,  soluble  in  ether ;  and  suffers  changes 
somewhat  similar  from  the  acids,  and  even  from  the  al- 
kalis. It  differs  from  caoutchouc,  in  being  rather  more 
easily  acted  on  by  these  agents,  in  being  soluble  in  alko- 
hol,  and  in  appearing  to  suffer  rather  more  change  in  its 
constitution  from  these  combinations.  But  these  differ- 
ences are  not  very  considerable,  and  perhaps  not  greater 
than  what  may  occur  in  varieties  of  the  same  species. 

This  conclusion  receives,  perhaps,  confirmation  from  an 
observation  made  by  Dr  Roxburgh.  The  caoutchouc  of 
the  Ficus  religiosus,  the  Ficus  Indica,  and  the  Artocarpus 
integrifolia,  he  found  to  be  much  less  elastic  than  that 
from  the  Hsevea  or  the  Urceola,  but  much  more  viscid  ; 
while,  in  inflammability,  and  in  their  relations  to  the  acids 
Mid  other  chemical  agents,  they  are  nearly  the  same.  This 
fact,  by  proving  that  there  are  several  varieties  of  caout- 
chouc, not  perfectly  uniform  in  their  properties,  and  some 
of  which  appear  to  approach  to  birdlime,  is  sufficient, 
perhaps,  to  connect  it  with  the  species. 
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This  substance,  though  apparently  formed  by  the  Bee, 
has  been  regarded  as  a  product  of  vegetation  ;  it  is  secret- 
ed by  certain  vegetables,  forms  a  kind  of  vamish  on  their 
leaves  or  stems,  or  is  mixed  with  their  juices.  Even  tha't 
which  is  applied  by  the  bee  to  the  formation  of  its  cell 
has  been  supposed  to  be  collected  by  that  insect  from 
ilowers,  and,  in  particular,  from  the  pollen,  or  fine  dust 
of  the  antherx,  which  undergoes  a  slight  elaboration  in 
the  body  of  the  animal,  so  as  to  acquire  that  tenacity  which 
fits  it  for  the  use  to  which  it  is  applied.  This  opinion, 
however,  as  to  the  origin  of  bees-wax,  has  been  rendered 
doubtful,  or  perhaps  has  been  disproved,  by  the  experi- 
ments of  fluber.  He  has  shown,  that  bees  form  wax 
when  they  are  denied  all  supply  of  the  pollen  of  flowers, 
when  they  were  confined  to  the  hive,  and  supplied  only 
with  honey,  or  with  sugar  ;  and  to  obviate  all  source  of 
fallacy,  the  comb  previously  formed  was  all  removed  from 
the  hive,  and  the  bees  were  confined  for  such  a  period,  as 
that  no  quantity  of  pollen  which  they  could  have  been  sup- 
posed to  have  collected  previous  to  their  confinement  could 
have  furnished  the  wax  they  formed.  The  honey  or  the 
sugar,  too,  always  disappeared  as  the  wax  was  formed;  and, 
on  the  other  hand,  bees  confined,  and  supplied  only  with 
fruits  and  the  pollen  of  flowers,  formed  no  wax  whatever. 
These  facts  appear  to  prove,  that  the  pollen  of  plants  is 
not  the  source  of  the  wax  which  bees  produce,  but  that 
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it  is  formed  from  their  saccharine  food,  by  changes  to 
which  this  is  subjected  *. 

Notwithstanding  this  conclusion,  however,  there  is  still 
reason  to  regard  wax  as  being  likewise  a  product  of  vege- 
tation. It  is  the  substance,  according  to  Proust,  which 
forms  the  silvery-like  down  on  the  surface  of  the  leaves, 
flowers,  and  fruit  of  certain  vegetables ;  and  it  also  exists, 
as  he  affirms,  in  the  fecula  of  certain  plants,  as  in  that  of 
the  house  leek,  or  the  green  cabbage  f .  And  there  arc 
vegetables  which  even  afford  it  in  large  quantity  in  nearly 
a  pure  state.  Such  particularly  is  the  plant  named  Myrica 
cerifera,  or  wax-tree,  a  native  of  Louisiana.  The  seeds  of 
this  vegetable  are  encrusted  with  a  white  rough  amylace- 
ous like  substance,  which,  when  rubbed  between  the 
fingers,  feels  unctuous.  When  they  are  boiled  in  water,, 
it  is  melted  off,  and  swims  on  the  surface.  This  substance 
has  been  examined  by  Dr  Bostock:}:  and  Mr  Cadet  Ij,  and 
appears,  from  their  experiments,  to  have  nearly  all  tli6 
properties  of  bees- wax.  It  is  concrete  j  of  moderate  hard- 
ness has  in  part  the  tenacity  of  bees-wax,  but  without 
its  unctuosity  ;  is  like  it  inflammable  ;  and  exhibits  the 
same  general  relations  to  chemical  agents.  Some  of  its 
physical  properties  are  a  little  different,  as  its  colour  and 
smell  •,  and  it  is  rather  more  fusible,  and  somewhat  more 
soluble  in  ether  :  buf  these  are  differences  not  essential^ 
and  such  as  cannot  prevent  it  from  being  regarded  as  a 
variety  of  the  same  species.  Cadet  has  observed,  that  there 


*  Nicholson's  Journal,  vol.  ix.  p.  182. 
t  Ibid.  vol.  V.  p.  26. 

I  Ibid.  8vo,  vol.  iv.  p.  129.       11  Ibid.  p.  187. 
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are  other  species  of  myrica  which  afford  a  similar  product; 
and  that  other  plants,  as  the  Croton  sebiferum,  the  Tomex 
sebifera,  the  poplar,  the  alder,  and  the  pine,  yield  by  de- 
coction a  concrete  inflammable  matter,  resembling  wax. 

The  substance  which  has  been  described  by  Dr  Pearson 
under  the  name  of  White  Lac,  from  India,  appears  ex- 
tremely similar  to  this*.  A  wax  perfectly  resembling 
that  of  the  wax-tree  is  also  obtained  from  common  lac,  in 
which  it  exists  combined  with  resin,  colouring  matter,  and 
a  little  gluten  ;  and  is  extracted  by  boiling  in  nitric  acid, 
which  dissolves  the  other  principles,  leaving  the  wax  un- 
dissolved. And  although  this  is  an  animal  production, 
being  the  nidus  of  the  Coccus  or  Chermes  lacca,  yet,  as 
Mr  Hatchet  in  his  analysis  of  this  substance  remarks,  it 
possesses  few  of  the  characters  of  animal  substances  •,  and 
the  greater  part  of  its  properties,  as  well  as  of  its  com- 
ponent ingredients,  are  such  as  more  immediately  apper- 
tain to  vegetable  bodies  f .  From  these  facts,  it  may  be 
concluded,  that  wax  is  a  product  of  the  vegetable  system  j 
and  though  also  formed  by  some  animals,  it  may,  on  the 
whole,  be  classed  among  the  vegetable  principles.  In  its 
chemical  nature,  it  approaches  nearly  to  the  fixed  oils. 

Wax,  taking  the  variety  prepared  by  the  bee  as  that 
best  known,  is  a  solid  substance,  brittle  at  a  low  tempera- 
ture, but  acquiring  tenacity  when  slightly  heated,  so  that 
it  can  be  moulded  into  any  shape.  It  is  tasteless,  and, 
when  pure,  nearly  inodorous.  Its  colour  is  usually  yellow  v 
but  this  appears  to  arise  from  the  presence  of  some  foreign 


*  Philosophical  Transactions,  1794;. 
t  Ibid.  1804. 
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matter,  as  it  can  be  deprived  of  it,  and  be  rendered  per- 
fectly white,  without  any  change  in  its  properties.  The 
bleaching  of  this  wax,  as  this  process  is  named,  Is  perform- 
ed by  melting  and  running  it  into  thin  plates,  which  are 
exposed  to  the  air,  dew,  and  sun,  until  the  colour  is  dis- 
charged. The  wax  of  the  Myrica  cerifera,  which  has  a 
greenish  colour,  may  likewise  be  rendered  white  by  bleach- 
ing. 

Wax  melts  at  a  temperature  of  14:2°  of  Fahrenheit  *  ; 
and  in  cooling,  passes  through  an  intermediate  state  of  soft- 
ness to  perfect  soHdity  :  the  myrtle  wax  is  rather  more  fu- 
sible, melting  at  109^.  Like  the  fixed  oils,  it  is  incapable 
of  being  volatilized  without  change.  It  affords  an  elastic 
fluid,  however,  when  heated  to  ignition,  consisting  of  its 
elements  in  a  state  of  new  combination ;  and  this,  when 
the  air  is  admitted,  bums  with  a  clear  and  white  flame. 
Hence  the  use  to  which  wax  Is  applied  in  affording  artifi- 
cial light.  The  products  of  its  combustion,  like  those  of 
oil,  are  water  and  carbonic  acid.  From  the  quantities  of 
these  produced  in  the  combustion  of  a  given  quantity  of 
wax,  Lavoisier  inferred,  that  it  consists  of  82.28  of  car- 
bon, and  17.72  of  hydrogen,~an  inference  which  cannot 
fee  regarded  as  accurate.  When  decomposed  in  close  ves- 
sels, so  as  to  colkct  the  products,  these  are  found  to  be  a 
thick  and  empyreumatic  oil  in  large  quantity,  a  portion  of 
water  sensibly  acid,  carburetted  hydrogen  gas  escaping, 
and  a  small  portion  of  charcoal  remaining.  From  this  a- 
nalysis,  wax  must  be  regarded  as  containing  oxygen  as 
well  as  carbon  and  hydrogen  in  its  composition. 


*  Nicholson's  Journal,  4to,  vol.  i.  p.  70.  Sec.  8vo,  vol.  xvi. 
p.  l()5i 
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Wax  is  insoluble  in  water,  and  equally  so  in  alkohol,  at 
least  at  a  low  temperature.  Dr  Pearson  found,  ^hat  alko- 
hol by  digestion  on  it,  at  a  temperature  of  140°,  sensibly 
dissolved  it  j  and  Dr  Bostock  has  found,  that  when  it  is 
boiled  on  wax,  it  dissolves  a  quantity,  amounting  to  about 
a  twentieth  of  its  weight,  the  greater  part  of  which  is  de- 
posited as  the  alkohol  cools.  A  small  portion  remains  dis- 
solved, which  may  be  precipitated  by  water.  The  myrtle- 
wax  is  rather  more  soluble  than  becs-wax.  Both  are  dis- 
solved by  boiling  ether,  but  the  myrtle-wax  in  larger  pro- 
portion than  the  other ;  and  the  greater  part  dissolved  by 
this  fluid  is  likewise  deposited  as  the  temperature  falls. 

The  action  of  the  alkalis  on  wax  is  somewhat  similar  to 
that  on  the  expressed  oils  ;  the  combination  taking  place, 
however,  more  slowly,  and  only  when  the  alkaline  solution 
is  boiled  on  the  wax.  Dr  Bostock,  in  his  experiments  on 
the  wax  of  the  Myrica  cerifera,  found  that  a  soap  is  thus 
formed,  which  is  sparingly  soluble  in  cold  water,  and 
therefore  separates  in  flocculi  as  the  liquid  cools :  in  this 
the  wax  has  lost  its  fusibility  and  inflammability,  and  the 
compound  is  decomposed  by  the  acids,  the  wax  re- appear- 
ing with  nearly  its  original  properties.  The  acrion  of  the 
alkali  on  bees-wax  is  nearly  the  same,  but  rather  less  com- 
plete. A  compound  of  this  kind  with  bees- wax  forms  the 
Punic  wax  of  the  ancients,  which  has  been  used  as  the 
basis  of  colours,  arid  in  encaustic  painting.  Ammonia 
boiled  on  wax  forms  with  it  a  white  saponaceous  com- 
pound, soluble  in  warm,  but  very  sparingly  soluble  in  cold 
water.  On  vegetable  wax,  its  action  is  more  energetic 
than  on  bees- wax. 

The  acids  act  on  wax  with  less  force  than  on  the  fix^^ 
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oils,  owing,  no  doubt,  to  its  state  of  cohesion.  Sulphuric 
acid,  when  its  action  is  promoted  by  heat,  is  blackened  by 
it,  and  at  length  dissolves  it,  forming  a  thick  dark-coloured 
mass.  Accoi'ding  to  the  experiments  of  Beckman,  when 
boiled  in  diluted- nitric  acid,  it  is  whitened  and  hardened  ; 
and  oxymuriatic  acid  has  been  proposed  to  be  used  in 
bleaching  it.    Muriatic  acid  has  little  action  on  it. 

It  is  dissolved  very  readily  by  the  fixed  oils,  when  a  mo- 
derate heat  is  applied,  and  forms  a  compound  of  as  inter- 
mediate consistence,  more  or  less  firm  therefore,  accord- 
irig  to  the  proportions.  Such  compositions  form  ointments 
and  cerates  in  pharmacy.  It  is  dissolved  likewise  by  the 
volatile  oils,  with  the  assistance  of  heat. 

From  the  properties  now  enumerated  as  belonging  to 
wax,  it  is  evident  that  it  approaches  nearly  to  the  fixed 
oils.  The  principal  difference  is  in  its  firmer  consistence, 
and  in  its  relations  to  some  of  the  chemical  agents,  parti- 
cularly to  the  alkalis.  It  has  been  generally  supposed  to 
differ  chemically  from  them,  in  containing  a  larger  pro- 
portion of  oxygen  ;  though  this  Is  by  no  means  clearly 
established. 

The  principal  consumption  of  wax,  is  in  obtaining  from 
its  combustion  artificial  light.  A  candle  of  wax  is  supe- 
rior to  one  formed  of  any  other  unctuous  matter,  in  not 
requiring  to  be  snuffed  j  the  wick  burning  down  equally 
with  the  body  of  the  candle,  and  hence  the  light  is  always 
clearer  and  more  steady.  The  reason  of  this  has  been 
pointed  out  by  Mr  Nicholson.  In  a  candle,  the  wick  takes 
up  by  capillary  attraction,  the  matter  fused  by  the  heat  of 
the  flame :  but  as  tallow  is  very  fusible,  a  large  wick  is  re- 
quired, else  a  quantity  of  the  melted  matter  would  ruu 


.uwii  the  surface  of  the  candle  ;  and  this  large  wick  occu- 
pying the  centre  of  the  flame,  where  it  is  secludctl  from 
the  air,  is  not  burnt  down,  but  gives  a  shadow  increasing 
as  it  lengthens.  In  a  wax  candle,  the  wax  being  less  fusi- 
ble, a  slender  wick  is  sufficient  to  draw  up  by  capillary  at- 
traction, all  the  matter  that  is  melted ;  it  obscures  less  tb? 
illumination,  and  when  it  lengthens  a  little,  being  so  slen- 
der and  flexible  it  bends  to  one  side,  and  its  extremltv 
comes  to  be  without  the  flame  ;  it  is  therefore  burnt  by 
the  current  of  air  applied  to  it  in  its  ignited  state.  Hence 
the  flame  is  always  clear,  and  the  shortening  of  the  wick 
is  performed  by  the  combustion  itself  *. 


SECT.  IX. 

OF  FIXED  oil 

The  name  of  Oil  is  given  In  common  to  two  vegetablt 
proximate  principles,  which  agree  in  the  possession  of  a 
number  of  properties,  but  which  likewise  differ  so  far,  that 
they  must  be  regarded  as  essentially  distinct.  One  of  these 
species  of  oil  is  volatile  at  a  high  temperature  the  other 
cannot  be  volatilized  without  decomposition  ;  hence  they 
inay  be  distinguished  by  the  epithets  Volatile  and  Fixed. 
The  volatile  have  also  been  named  Essential  Oils, — the 
fixed,  Expressed  Oils,  as  it  io  by  the  process  of  Expression 
that  they  arc  usually  obtained-  The  chemical  history  Ov' 
Expressed  oil  is  to  be  the  subject  of  this  Section. 


*  Nicholsou'a  Journal,  i  to,  vol.  i.  p. 
N  2 


01'  FI XKD  OIL. 

These  oils  are  formed  abundantly  in  the  vegetable  sys- 
tem :  they  are  contained  generally  in  the  seeds  and  fruit, 
and  are  found  in  largest  quantity  at  or  near  to  the  period 
of  maturity.    They  are  extracted,  in  general,  by  expres- 
sion ;  the  fruit,  or  the  seeds  bruised,  being  subjected  to 
pressure  in  a  hempen  bag  inclosed  in  a  press,  and  any  fo- 
reign matter  forced  out  with  the  oil  being  allowed  to  sub- 
side.   In  this  way  are  prepared  the  oils  from  the  fruit  of 
the  olive,  and  the  seeds  of  the  almond.    The  process  is 
facilitated  by  the  application  of  heat,  or  by  even  previous- 
ly roasting  the  seeds  gently,  especially  with  regard  to  those 
seeds  which  contain  much  mucilage  :  but  from  this  the 
oil  generally  acquires  some  acrimony  and  empyreuma  ;  it 
is  even  so  far  changed  in  its  qualities,  as  to  be  less  liable 
to  congeal,  and  more  disposed  to  become  dry  or  solid 
when  exposed  to  the  air.    Oils  prepared  in  this  manner 
are  hence  named  Drying  Oils  j  and  from  these  changes, 
the  process  is  applied  only  to  the  extraction  of  the  coarser 
oils,  as  those  of  linseed  or  rapeseed,  or  to  oils  required 
for  particular  purposes.    Sometimes,  too,  oil  is  extracted 
by  decoction,  the  seeds  being  bruised,  and  boiled  in  wa- 
ter, the  oil  separating,  and  swimming  on  the  surface.  In 
this  way  is  prepared  what  is  named  Castor  Oil,  from  the 
seeds  of  the  Ricinus  communis. 

The  oil  which  is  extracted  by  either  process  has  often 
an  impregnation  of  foreign  matter,  whence  it  derives  taste, 
flavour,  and,  in  some  cases,  more  active  qualities.  The 
oils  of  olives  and  of  almonds  are  the  purest  met  with  in 
commerce,  and  appear,  indeed,  to  be  perfectly  free  from 
any  foreign  impregnation.  Oils  less  pure,  but  in  larger 
quantity,  are  procured  for  the  purposes  to  which  thev  are 
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applied  in  the  arts,  from  linseed,  hcmpseed,  rapeseed, 
from  the  nuts  of  the  beech  mast,  and  from  the  seeds  of  a 
number  of  other  plants. 

Fixed  oil  is  fluid  at  moderate  natural  temperatures  :  by 
no  great  reduction  of  temperature,  however,  the  different 
kinds  are  congealed,  some  of  them  even  at  a  temperature 
not  so  low  as  the  freezing  point  of  water ;  and  there  are 
others,  as  the  oil  of  the  cocoa  nut,  of  the  laurel  berry,  or 
of  the  nutmeg,  which  are  always  concrete,  whence  they 
have  obtained  the  name  of  Vegetable  Butters. 

Fixed  oils,  when  liquid,  are  always  somewhat  thick  and 
viscid  ;  when  pure,  they  are  perfectly  transparent :  they  are 
colourless,  or  of  a  yellow  or  greenish  tinge  :  they  are  in- 
sipid, or  have  a  very  mild  taste.  They  are  lighter  than 
water,  and  hence  swim  on  its  surface.  They  are  alto- 
gether incapable  of  combining  with  water,  as,  even  when 
strongly  agitated  with  it,  the  globules  of  oil,  when  the  a- 
gitation  ceases,  soon  separate,  and  collect  at  the  surface. 
They  have  been  said  to  be  insoluble  in  alkohol,  but  it  has 
been  observed,  both  by  Bostock  and  Fremy,  that  they  are 
dissolved  in  small  quantity  by  that  fluid  *. 

Though  the  fusibility  of  these  oils  is  such,  that  they  are 
usually  fluid  at  natural  temperatures,  yet  they  cannot  be 
volatilized  without  decomposition ;  and  even  this  requires 
a  high  temperature.  In  general,  they  do  not  boil  at  a  heat 
less  than  about  600^  of  Fahrenheit ;  and  when  the  oper- 
ation is  conducted  in  close  vessels,  so  as  to  condense  this 
vapour,  the  qualities  of  the  oil  are  found  to  be  changed  : 
it  has  lost  its  insipidity,  lias  become  more  acrid,  and,  by 
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N  3 


OF  nXED  OIL.. 

repeated  distillations,  it  becomes  more  light,  limpid,  and 
volatile,  acquiring  also  an  empyreumatic  odour,  and  be- 
coming soluble  in  alkohol.  When  this  distillation  is  car- 
ried on  with  a  strong  heat,  carburetted  hydrogen,  carbCnic 
acid,  and  an  acid  liquor,  are  produced  along  with  the  em- 
pyreumatic oil  J  and  there  is  a  residuum  of  charcoal. 

Expressed  oiU  are  altered  by  exposure  to  the  atmosphere, 
especially  at  a  high  natural  temperature:  they  acquire  a 
sharp  taste,  and  a  disagreeable  smell,  and  become  thick*  i 
This  change  is  named  Rancidity  :  it  is  owing  to  the  ab- 
sorption of  oxygen  which  always  accompanies  it,  as  Ber- 
thollet  had  long  ago  demonstrated  *.    The  oxygen  appears 
sometimes  to  combine  with  the  entire  oil  $  ia  other  cases,* 
it  is  said  to  unite  with  part  of  its  principles,  and  form  an' 
acid,  the  Sebacic,  which  is  diffused  through  the  rest  of  the 
oil,  and  is  the  cause  of  the  change  in  its  properties  ;  there 
is  also  a  portion  of  water  slowly  formed.    When  the  oil 
is  exposed  to  pure  oxygen  gas,  the  same  change  takes 
place  more  speedily  j  and  some  absorb  a  large  quantity. 
Linseed  oil,  it  is  stated  by  Saussurc,  absorbed,  in  his  ex- 
periments, more  than  twelve  times  its  volume  of  oxygen 
gas  in  the  space  of  four  months  f,  and  this  without  form- 
ing any  carbonic  acid.    Drying  oils,  or  those  extracted  by 
expression  with  the  assistance  of  heat,  it  has  already  been 
remarked,  do  not  become  rancid  from  exposure  to  the  air, 
but,  by  the  absorption  of  its  oxygen,  are  rather  ccfnverted 
into  a  resinous  matter,  especially  when  exposed  under  a 
thin  and  extensive  surface. 


-    *  Mrmoires  de  I'Acad.  dis  Sciences,  1785,  p.  529. 
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h  appears,  from  well-established  facts,  that  this  absorp- 
tion of  oxygen  by  fixed  oils  may,  under  certain  circum- 
stances, be  so  rapid,  as  to  produce  a  temperature  sufficient 
to  cause  them  to  burn.  Many  instances  of  spontaneous 
combustion  had  from  time  to  time  occurred  from  this 
cause,  and,  in  particular,  had  been  so  frequent  in  the  RuS' 
sian  navy  and  arsenals,  that  at  length  a  series  of  experi- 
ments on  the  subject  was  ordered  to  be  instituted  ;  and 
from  these,  the  circumstances  connected  with  the  fact  have 
been  fully  ascertained.  It  appears,  that  if  hemp,  flax,  or 
linen  cloth,  be  steeped  in  linseed  oil,  if  it  lie  in  a  heap,  and 
be  somewhat  pressed  together  and  confined,  its  tempera- 
ture rises,  a  smoke  issues  from  it,  and  at  length  it  takes 
fire.  The  same  thing  happens,  with  mixtures  of  oil  with 
fine  charcoal,  as  lamp-black,  wrapt  up  in  linen.  In  one  ex- 
periment, a  mixture  of  this  kind  became  warm  in  about 
sixteen  hours,  and  emitted  steam  ;  in  two  hours  more,  it 
emitted  smoke,  and  immediately  afterwards  took  fire.  In 
another,  the  combustion  happened  in  nine  hoars.  The  ex- 
periments succeeded  only  when  drying  oils  were  used  *. 

At  the  same  temperature  nearly  at  which  oil  is  volatil- 
ized, it  combines  with  oxygen  with  rapidity,  and  gives  out 
a  large  quantity  of  light  and  heat.  For  this  purpose,  the 
oil  must  be  converted,  into  vapour,  and  its  temperature  rai- 
sed even  to  ignition.  Hence  is  derived  the  utility  of  a 
wick  in  supporting  its  combustion.  The  wick,  made  of 
cotton  or  any  other  material  consisting  of  slender  threads, 
draws  up  a  portion  of  the  oil  by  capillary  attraction.  By 


*  Journal  de  Physiqu'^  torn.  xx.  p.  I,  11.  or  Repertory  of 
Arts,  vol.  iii.  p.  95. 
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kindling  the  wick,  the  portion  of  oil  it  contains  is  convert- 
ed into  vapour,  and  perhaps  is  even  decomposed  or  resol- 
ved at  least  in  part,  into  a  variety  of  olefiant  gas.  Being 
ignited  at  the  same  time,  it  burns  ;  and  as  fast  as  it  is  con- 
sumed, a  new  supply  is  afforded  by  the  same  capillary  at- 
traction. The  oil  consists  principally  of  carbon  and  hy- 
drogen :  the  hydrogen  requires  rather  a  lower  tempera- 
ture for  its  combustion  than  the  carbon  does  i  hence  the 
combi^stion  of  oil  in  atmospheric  air  is  attended  with  a 
black  smoke,  which  consists  of  the  light  carbonaceous  mat- 
ter suspended  in  the  current  of  hot  air.  Where  the  air 
has  not  sufficient  access  to  the  wick,  this  smoke  is  very  a- 
bundant ;  and  it  may,  on  the  contrary,  be  entirely  remo- 
ved, by  increasing  the  current  of  air,  so  as  to  render  the 
combustion  more  rapid.  This  Is  done  in  Argand's  lamp, 
which  consists  of  a  hollow  wick,  through  the  internal  part 
of  which  a  free  circulation  of  air  is  established.  When 
the  wick  is  kindled,  the  air  within  it  is  immediately  rari- 
fied  ;  a  strong  ascending  current  is  thus  formed  j  fresh  at- 
mospheric air  is  rapidly  brought  into  contact  with  the 
burning  oil  ;  the  combustion  is  rendered  more  rapid,  and 
thus  so  much  heat  is  extricated,  and  the  air  is  so  freely 
supplied,  that  all  the  carbon  of  the  oil  is  consumed.  Hence 
the  combustion  in  these  lamps  is  attended  with  no  smoke  ; 
and  from  a  given  quantity  of  oil,  more  light  and  caloric 
are  extricated,  as  the  whole  of  that  oil  is  consumed.  This 
conclusion  appears  not  only  to  follow  from  tlie  nature  of 
the  circumstances  under  which  the  combustion  takes  place, 
but  it  was  also  established  by  direct  experiment  by  Rum- 
ford.  Hasscnfratz,  however,  in  a  series  of  experiments, 
apparently  performed  with  much  care,  and  presenting 
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some  important  results,  on  the  light  afforded  by  difFerent 
combustibles  *,  found  reason  to  doubt  of  tliis  superiority 
of  the  lamp  with  an  internal  current  of  air,  in  the  quan- 
tity of  light  afforded  from  the  combustion  of  a  given  quan- 
tity of  combustible  matter,  and  even  to  conclude,  that  it  is 
inferior  in  this  respect  (though  superior  in  producing  no 
smoke,  and  less  smell}  to  a  well-constructed  lamp  without 
this  arrangement.  The  loss  of  light  in  the  Argaiid's  lamp 
giving  rise  to  this  unexpected  difference,  he  ascribes  to 
two  causes  :  to  part  being  absorbed  by  the  glass  chimney, 
and  to  the  loss  in  the  internal  part  of  the  hollow  wick. 
The  light  which  escapes  from  vapour  in  combustion,  e- 
scapes  from  the  external  surface  without  interruption,  but 
that  from  the  internal  surface  is  diminished  considerably 
by  passing  through  the  flame.  This  Hassenfratz  establish- 
ed, by  causing  the  light  from  one  burning  body  to  pass 
through  the  flame  of  another  ;  and  it  is  evident,  that  from 
this  cause  part  of  the  light  from  the  combustion  of  oil  in 
a  lamp  with  a  hollow  wick  and  internal  current  of  air  must 
be  lost ;  and  this  loss  must  become  greater  from  the  rapid 
consumption  of  oil  in  the  internal  part  of  the  flame.  I  have 
observed,  what  is  agreeable  to  this  view,  that  in  a  lamp 
with  a  double  circular  wick,  the  one  within  the  other,  the 
illumination  is  not  so  vivid  as  might  be  expected  from  the 
much  greater  consumption  of  oil.  It  follows  from  this* 
that  there  will  be  the  least  loss  of  light  in  an  Argand's 
lamp,  when  the  diameter  of  the  circular  wick  is  made 
small. 

The  products  of  the  combustion  of  oil  are  water  and 
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carbonic  acid.  Lavoisier  found,  tliat  100  parts  d£  olive 
oil,  during  their  combustion,  combine  with  321  parts 
of  oxygen,  and  produce  140  parts  of  water,  and  281  of 
carbonic  acid.  Hence  he  inferred,  that  oil  consists  of  79 
parts  of  carbon,  united  with  21  of  hydrogen.  These  must 
be  regarded  however  as  approximations ;  and  oxygen  is 
probably  also  only  a  constituent  principle  of  oil.  That  it 
is  so,  appears  to  be  established  by  the  decomposition  of 
oil  in  close  vessels  ;  when  transmitted  through  an  ignited 
tube,  carbonic  acid  and  water  are  part  of  the  products. 

The  expressed  oils  suffer  decomposition  from  the  action 
of  the  greater  number  of  the  acids;  with  phenomena,  how- 
ever, somewhat  different  according  to  the  nature  and  con- 
centration of  the  acid. 

Sulphuric  acid  almost  immediately  renders  oil  brown, 
and  at  length  black,  by  evolving  part  of  its  carbon  in  the 
state  of  charcoal  :  a  portion  of  water  is  also  said  to  be 
formed  ;  and  the  formation  of  sulphurous  acid  is  discover- 
ed by  its  pungent  smell.  If  heat  be  applied,  the  action, 
becomes  more  rapid,  and  the  mutual  decompositions  more 
complete  :  and  with  certain  proportions,  the  whole  of  the 
oxygen  of  the  acid  is  abstracted,  and  sulphur  obtained. 

The  action  of  nitric  acid  on  oil,  is  less  violent :  the  oil 
is  merely  thickened  and  rendered  white  :  when  heat  is  ap- 
plied, or  when  the  oil  is  heated  previous  to  the  addition  of 
the  acid,  the  action  is  more  rapid,  and  nitrous  acid  vapour 
is  disengaged.  The  action  is  more  rapid  on  the  drying 
oils,  a  resinous-like  matter  being  formed  :  and  if  heat  be 
applied,  there  is  a  violent  effervescence,  and  the  oil  may 
even  be  Inflamed,  by  the  acid. 

Muriatic  acid  has  very  little  effect,  when  mixed  with 
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the  oil  in  the  cold :  but  according  to  Cornctte,  if  the  mix- 
ture is  kept  a  long  time  in  digestion  in  a  sand  heat,  the 
colour  of  the  oil  darkens,  and  it  becomes  at  length  black  *. 
By  distillation  the  acid  passes  over  with  little  change.  The 
oxymuriatic  acid  causes  nearly  the  same  changes  in  the  ex- 
pressed oils,  as  the  nitric  ;  thickening  them  and  rendering 
them  white.  The  other  acids  exert  very  Httle  action  up- 
on expressed  oil. 

"With  the  alkalis,  expressed  oils  form  a  chemical  combi- 
nation :  the  product  is  the  well-known  substance  Soap,  in 
which  the  properties  both  of  the  oil  and  alkali  are  consi- 
derably modified. 

If  one  part  of  a  pure  expressed  oil,  as  that  of  olives,  be 
mixed  vi^ith  half  its  weight  of  the  common  potash  ley, 
a  combination  is  effected :  the  oil  becomes  much  more 
thick  and  white,  and  the  acrimony  or  caUsticity  of  the 
alkali  is  lessened.  The  compound,  too,  is  to  a  certain  ex- 
tent capable  of  combining  with  water  :  a  perfect  solution 
indeed  does  not  take  place,  but  an  opaque  milky  mixture 
is  formed,  from  which  the  oil  does  not  separate  for  a  con- 
siderable time. 

In  this  mixture,  however,  the  combination  of  the  oil 
with  the  alkali  is  imperfect.  It  is  rendered  more  complete 
by  the  assistance  of  heat,  or  by  boiling  them  together. 
One  part  of  carbonate  of  soda  is  dissolved  in  8  or  10  parts 
of  water,  and  quicklime  is  added  to  abstract  the  carbonic 
acid  :  the  liquor  is  filtered,  and  evaporated  so  far  that  its 
specific  gravity  shall  be  to  that  of  water  as  11  to  8.  One 
part  of  this  ley  is  mixed  with  two  of  an  expressed  oil,  of 
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that  of  olives  for  example,  and  the  mixture  is  exposed  to 
a  moderate  heat,  sufTicient  only  to  make  the  liquor  simmer. 
It  is  agitated  constantly.  An  intimate  combination  of  th^e 
oil  and  alkali  takes  place  :  the  heat  is  continued  till  on  al- 
lowing a  few  drops  of  the  liquor  to  fall  on  a  stone,  it  con- 
geals, and  the  water  separates  from  it.  It  is  then  remov- 
ed and  cast  in  moulds. 

This  is  the  process  for  preparing  the  finer  kind  of  soap. 
The  coarser  soaps,  which  are  in  common  use,  and  are 
manufactured  on  a  large  scale,  are  prepared  from  less  pure 
materials ;  and  the  process  which  is  followed,  is  somewhat 
different  from  that  above  described.  An  elaborate  report 
was  presented  on  this  subject,  by  Pelletier,  Darcet,  and 
Lelievre  *  5  and  the  account  of  the  manufacture  of  soap 
which  follows,  is  principally  taken  from  their  memoir. 

The  oily  matter  which  is  employed  in  the  fabrication  of 
common  soap,  is  different  in  different  countries.  In 
France,  the  coarser  kind  of  olive  oil  is  used  and,  accord- 
ing to  the  report  of  the  French  chemists,  it  forms  the  best 
soap.  In  this  country,  animal  fat  is  generally  employed  ; 
and,  according  to  the  same  authority,  it  is  next  to  olive  oil 
that  which  gives  the  best  hard  soap. 

The  alkali  which  answers  best,  is  soda :  it  forms  a  soap 
which  easily  becomes  concrete,  while  potassa  forms  one 
that  always  remains  soft.  In  countries,  therefore,  where 
barilla  can  be  obtained  at  a  low  price,  it  is  used  in  the  pre- 
paration of  soap.  In  this  country  it  would  be  too  expen- 
sive :  the  potash  of  commerce  is  therefore  used  :  and  \n 


j  Memoires  de  Chimie  de  Pelletier,  t.  ii.  p.  2i9. 
(.  AiTnales  de  Chimie,  toro.  xix,  p.  253. 
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order  to  render  the  soap  sufficiently  disposed  to  congeal 
and  become  hard,  there  is  added  towards  the  end  of  the 
boiling  of  the  alkaline  ley  with  the  unctuous  matter,  a 
quantity  of  sea  salt  ^  the  soda  of  which  being  in  part  e- 
volved  by  the  potassa,  produces  this  effect. 

The  alkali  must  of  course  be  in  its  pure,  or  what  is 
named  its  caustic  state:  whether  barilla  or  potash,  therefore, 
be  employed,  the  carbonic  acid  combined  with  the  alkali 
in  either  of  them,  is  abstracted  by  lime,  and  the  solution 
thus  obtained  forms  the  soapmakers'  ley.  When  barilla 
is  employed,  after  being  reduced  to  coarse  powder,  it  is 
mixed  with  the  lime :  the  proportions  used  being  5  lbs.  of 
barilla  with  1  of  lime.  Tiie  mixture  is  put  into  a  large 
wooden  trough,  with  such  a  quantity  of  water  as  will  cover 
it  several  inches  :  it  is  stirred  ;  and  after  it  has  stood  some 
hours,  the  ley  is  withdrawn,  and  is  named  the  First  ley :  it 
is  of  such  a  specific  gravity,  that  a  fresh  egg, does  not  sink 
in  it.  A  new  quantity  of  water  is  poured  on  the  materials, 
and  after  some  hours  is  drawn  off,  affording  a  weaker  ley. 
This  is  repeated  once  more,  forming  a  third  ley  :  and 
lastly,  the  residuum  is  washed  with  water,  which  now  re- 
ceives so  slight  an  impregnation,  that  it  is  reserved  only  for 
adding  to  a  fresh  quantity  of  the  materials. 

The  proportion  of  oil  that  is  requisite,  is  6  parts,  when 
5  of  barilla  and  1  of  lime  have  been  us^d.  To  combine 
them,  they  are  to  be  boiled  together  :  the  boiler  is  a  large 
iron  pot  fixed  in  a  brick  furnace,  there  being  adapted  to  it 
a  crib  of  wood  :  the  oA  is  put  into  this  boiler,  with  a  por- 
tion of  the  weakest  or  third  ley,  and  heat  applied,  so  as  to 
cause  the  mixture  to  boil :  fresh  portions  of  the  ley  are  add- 
ed from  time  to  time,  until  the  whole  is  consumed  :  the 
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second  or  stronger  ley  is  added  in  the  sarnc  manner ;  the 
mixture  being  well  stirred  :   the  oil  now  becomes  of  a 
milky  appearance,  it  unites  perfectly  with  the  ley    and  af- 
ter some  hours  of  boiling,  the  mixture  becomes  more  uni- 
form, and  acquires  a  thicker  consistence.  A  small  portion 
«f  the  first  ley  is  then  added,  and  it  is  still  carefully  stirred, 
and  kept  boiling.     The  successive  addition  of  small  por- 
tions of  the  first  ley,  thickens  the  mixture  :  the  heat  is  con- 
tinued for  some  time,  until  it  become  more  and  more  thick, 
and  the  soap  now  formed  begins  to  separate  from  the  wa- 
tery liquor;  a  small  quantity  of  sea  salt  is  then  added, 
which  renders'  the  separation  more  complete,  by  attracting 
the  water  :  the  boiling  is  conrmued  for  two  hours  longer  ; 
the  fire  is  then  withdrawn,  and  the  wliole  allowed  to  re- 
main at  rest.  In  a  few  hours  the  soapy  matter  collects  to- 
wards the  surface,  and  the  watery  part  subsides :  this  last 
is  drawn  off  by  a  tube  at  the  bottom  of  the  boiler:  the  fire 
is  then  again  applied,  a  small  quantity  of  water  or  of  weak 
ley  being  added,  to  facilitate  the  liquefaction  of  the  soap. 
The  mixture  being  perfectly  liquefied,  and  being  brought 
to  ebullition,  the  remaining  part  of  the  strong  ley  is  added 
in  small  quantities.  The  congelation  of  the  soap  can  now 
be  discovered  :  this  is  judged  of,  by  withdrawing  a  small 
portion,  which  is  allowed  to  cool  on  a  plate  of  glass ;  and 
by  the  degree  of  consistence  which  is  acquired,  it  is  deter- 
mined if  the  preparation  be  complete.  If  it  be  so,  the  fire 
is  withdrawn  ;  die  soap  is  left  at  rest  for  some  hours ;  the 
liquid  beneath  is  withdrawn  by  the  stop-cock:  tiie  fire  is 
again  applied,  a  small  quantity  of  water  being  axided  to 
promote  the  liquefaction  j  and  when  the  whole  h.-s  cooled 
a  lictle,  It  is  run  Into  the  vessels  In  which  it  Is  to  congtal, 
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la  the  bottom  of  which  a  little  lime  in  powder  is  equally 
strewed.  After  some  days,  the  soap  has  become  sufficient- 
ly firm  to  be  cut  into  the  form  under  which  it  is  sold. 

Though  such  be  the  general  outline,  it  is  no  doubt  va- 
ried by  different  manufacturers,  and  in  different  countries  y 
but  by  following  this  process,  a  soap  of  excellent  quality 
may  be  formed.  In  this  country,  as  has  been  already  ob- 
served, the  principal  difference  is  in  using  animal  fat,  to 
which,  in  forming  yellow  soap,  a  portion  of  resin  is  added ; 
and  in  using  potash  instead  of  soda.  From  the  latter  va- 
riation, it  is  necessary  to  use  muriate  of  soda  in  larger 
quantity  than  when  barilla  is  employed,  in  order  to  afford 
a  portion  of  soda,  to  render  the  soap  concrete.  The  French 
chemists,  in  their  experiments  on  soap,  found,  that  whea 
they  substituted  a  ley  from  potash  for  that  from  barilla, 
using  the  same  oily  matter,  and  observing  the  same  pro- 
cess in  every  other  respect,  they  obtained  only  a  soft  soap. 
But  if  they  added,  in  the  course  of  the  boiling,  a  solution 
of  muriate  of  soda,  they  obtained  a  soap 'perfectly  firm  :  or 
if  they  began  the  process  with  a  ley  of  potash,  and  finish- 
ed it  with  a  ley  of  soda,  they  had  the  same  result.  The 
process,  as  it  is  conducted  in  this  country,  is  described  in 
Aikin's  Chemical  Dictionary,  under  the  article  Soap.  The 
following  are  given  as  the  materials  and  the  proportions 
of  them,  from  which  a  good  yellow  soap  is  prepared  : 
25  cwt.  of  tallow,  4^  of  oil,  7  of  rosin,  18  of  barilla,  and 
10  of  what  are  named  black  ashes,  being  the  sahne  resi- 
duum of  the  waste  ley  recovered  by  evaporation,  and  cal- 
cined. There  is  sometimes  added  to  the  whole  a  little 
palm  oil.    The  produce  is  about  e-t  cwt.  of  soap. 

The  veined  or  marbled  soap,  as  it  is  named,  differs  from 
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the  other  merely  in  its  streaks  of  colour,  and  In  being  pre- 
pared from  the  purest  materials,  as  it  is  used  for  medicinal 
purposes.  The  variegated  colour  is  given  to  it,  by  adding 
to  the  soap,  when  nearly  fully  boiled,  a  small  quantity  of 
fresh  alkaline  ley,  and  soon  after  a  solution  of  sulphate  of 
iron  ;  black  oxide  of  iron  is  thus  precipitated,  which,  from 
the  action  of  the  soap,  assumes  a  blue  tinge.  Brown  or 
red  oxide  of  iron  is  then  diffused  in  water,  and  stirred 
through  the  soap,  so  as  to  be  mixed  with  it  in  streaks. 
This  soap  is  also  more  solid  than  the  other,  as  in  the  ope- 
ration the  water  is  more  effectually  dissipated. 

The  soft  soap  of  commerce  is  prepared  from  the  com- 
mon potash,  rendered  caustic  by  lime,  and  boiled  with 
some  of  the  coarser  oils,  *.s  of  rapeseed,  hempseed,  or 
linseed,  or  even  with  fish  oil. 

Some  observations  have  been  added  by  Pelletier,  Dar- 
cet,  and  Lelievre,  on  the  adulteration  of  soap  frequently 
practised.  The  most  common  method  is  to  cause  it  to 
imbibe  a  large  quantity  of  water;  and  to  prevent  the  dis^ 
sipation  of  this  from  exposure,  those  who  practise  it  keep 
the  soap  in  a  saturated  solution  of  muriate  of  soda.  This 
is  detected  by  the  great  loss  of  weight  which  such  soap 
sustains  from  exposure  to  the  air.  Other  modes  are  also 
said  to  be  practised,  as  by  the  addition  of  chalk,  clay,  alum, 
sea  salt,  and  other  substances. 

These  chemists  executed  the  analysis  of  soap.  "When 
properly  prepared,  3  lbs.  of  oil  ought  to  furnish  5  lbs.  of 
soap  :  but  from  this  it  is  not  easy  to  discover,  at  least  with 
perfect  accuracy,  what  proportion  of  alkali  and  what  quan- 
tity of  water  it  contains.  The  proportions  they  assign  are, 
in  1  lb.  of  soap,  9  ounces  6  drachms  of  oil,  1  ounce  V> 
drachms  of  pure  alkali,  and  4-  ounces  7  drachms  of  water. 
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The  cleansing  property  of  soap  depends  on  the  alkali  it 
.contains :  the  alkaline  power  is  no  doubt  partly  impaired 
by  the  combination  ;  and  it  might  be  supposed  more  eco- 
nomical, to  use  the  alkaline  solution.  In  some  cases  it  is 
so,  as  in  some  of  the  steps  of  the  process  of  bleaching  ; 
but  for  common  use,  soap  has  some  advantages ;  as  it  acts 
less  on  the  fibre  of  the  cloth,  and  gives  to  it  a  softness  and 
smoothness,  which  the  alkali  alone  would  not  do. 

Soap  is  soluble  in  water ;  but  the  solution  is  always  in 
a  certain  degree  opaque,  owing  perhaps  to  particles  of  un- 
combined  oil  being  present.  It  is  likewise  soluble  in  al- 
kohol  i  and  if  the  purest  soap  has  been  employed,  this  so- 
lution is  nearly  transparent ;  if  strong,  it  is  of  a  gelatinous 
consistence. 

Soap  is  decomposed  by  all  the  acids,  which  attract  its  ^ 
alkali,  and  separate  its  oil.  The  greater  number  of  the 
neutral  salts,  either  earthy  or  metallic,  likewise  effect  in  it 
the  same  decomposition.  This  is  the  reason  that,  with 
what  are  termed  Hard  waters,  a  proper  solution  of  soap 
cannot  be  formed, — the  sulphate  of  lime  contained  in  the 
water  decomposing  the  soap.  The  solution  of  soap,  there- 
fore, in  alkohol,  is  a  very  convenient  test  for  discovering 
these  salts  in  water.  In  these  cases  of  decomposition  by 
the  earthy  and  metallic  salts,  the  oil  which  is  separated 
combines  with  the  earth  or  metallic  oxide.  When  this 
oil,  however,  is  separated  by  an  acid  from  the  soap,  its 
,  properties  are  altered  ;  and,  in  particular,  it  is  soluble  in 
alkohol.  During  its  conversion  into  soap,  therefore,  it 
must  not  merely  have  combined  with  the  alkali,  but  have 
further  undergone  some  chemical  change.  It  has  been 
supposed  to  receive  oxygen  from  the  air,  and  this  as  well 
,   Vol.  IY.  O 
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as  the  change  in  its  qualities,  has  been  confirmed  by  the 
experiments  of  Fremy  *. 

When  soap  is  exposed  to  heat  in  close  vessels,  it  affords 
oil,  water,  and  a  portion  of  ammonia.  The  origin  of  the 
last  product  is  not  very  evident,  since  oil  is  supposed  to 
consist  only  of  carbon,  hydrogen,  and  oxygen  ;  but  per- 
haps it  may  be  obtained  only  from  soaps  that  have  been 
formed  in  whole  or  in  part  from  animal  fats,  in  which  a 
portion  of  nitrogen  may  exist. 

Ammonia  acts  upon  the  expressed  oils  in  a  manner  si- 
milar to  the  fixed  alkalis,  forming  with  them  a  saponace- 
ous compound,  which  is  thick  and  white,  ^nd  which  is  also 
diffusible  in  water ;  hence  it  is  used  in  pharmacy,  to  ren- 
der oils  miscible  with  water.  The  combination,  however, 
is  much  less-  intimate  than  that  with  the  other  alkalis,  as 
heat  cannot  well  be  applied  to  render  it  perfect.  Berthol- 
let  discovered  an  indirect  process  by  which  a  proper  am- 
moniacal  soap  may  be  formed.  It  consists  in  mixing  a 
solution  of  common  soap  with  a  solution  of  muriate  of 
ammonia  :  the  muriatic  acid  is  attracted  by  the  alkali  of 
the  soap,  and  the  oil  combines  with  the  ammonia,  forming 
a  kind  of  coagulum.  This  soap  is  much  less  soluble  in 
water  than  common  soap,  has  a  more  pungent  taste,  is  less 
consistent,  and  is  decomposed  by  long  exposure  to  the  air» 
It  is  soluble  in  alkohol. 

Berthollet,  in  a  memoir  on  the  combinations  of  oils  with 
earths  and  metallic  oxides  f ,  has  described  the  properties 


*  Nicholson's  Journal,  vol.  xviii.  p.  231. 
^  CMemoires  de  I'Acad,  des  Sciences,  1780,  p.!. 
(  Nicholson's  Journal,  4to,  vol.  i.  p.  170, 
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of  the  saponaceous  compounds  thus  formed,  and  the  pro- 
cesses by  which  they  may  be  obtained. 

Lime-water  acts  upon  expressed  oil  nearly  in  the  same 
manner  as  an  alkaline  solution,  forming  a  white  and  thick 
mixture ;  but  the  proper  calcareous  soap  is  formed  either 
by  mixing  a  solution  of  soap  with  a  solution  of  sulphate, 
muriate,  or  nitrate  of  lime,  or  by  adding  it  to  lime-water : 
the  lime  unites,  in  either  case,  with  the  oil  of  the  soap» 
and  forms  a  combination  which  is  sparingly  soluble,  and 
which  remains  on  the  filtre. 

By  a  similar  process,  Berthollet  formed  magnesian  and 
argillaceous  soaps, — adding,  to  form  the  one,  a  solution  of 
sulphate  of  magnesia,  to  form  the  other,  a  solution  of  alum, 
to  a  solution  of  common  soap.  The  magnesian  soap  was 
of  the  utmost  whiteness,  unctuous,  dried  with  difHculty, 
and  preserved  its  white  colour  after  exsiccation.  It  melts 
with  a  moderate  heat,  and  forms  a  transparent  mass,  slight- 
ly yellow,  and  very  brittle  :  it  is  insoluble  in  boiling  water, 
but  alkohol  dissolves  it ;  when  water  is  added  to  the  solu- 
tion, it  becomes  milky.  The  argillaceous  soap  was  soft 
and  tenacious,  and  preserved  its  tenacity  in  drying :  it 
melts  readily,  and  exhibits,  after  fusion,  a  mass  of  a  beau- 
tiful transparence,  rather  yellow.  It  appeared  to  be  inso- 
luble in  water,  alkohol,  or  oil. 

The  solution  of  muriate  of  barytes  afforded,  with  soap, 
a  combination  nearly  the  same  in  appearance  and  proper- 
ties, as  the  soap  of  lime. 

Combinations  of  expressed  oil  with  metallic  oxides  can 
be  formed  by  a  similar  process, — adding  to  a  solution  of 
soap  a  solution  of  a  metallic  salt :  and  the  properties  of  a 
number  of  these  compounds  have  been  examined  by  Ber- 
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thollet.  The  combination  formed  in  this  manner  with 
oxide  of  mercury,  he  found  to  be  viscid  j  to  dry  with  dif- 
ficulty, losing  its  white  colour  in  drying  ;  to  be  soluble  in 
oil,  and  very  sparingly  in  alkohol.  That  with  silver  is  at 
first  white  ;  but  after  a  few  moments'  exposure  to  the  air, 
it  becomes  red  :  that  of  gold,  which  is  also  at  first  white, 
soon  assumes  a  purple  colour;  these  changes  of  colour  in 
these  combinations  being  no  doubt  owing  to  the  facility 
with  which  their  respective  metals  part  with  oxygen.  The 
combination  with  oxide  of  iron  is  of  a  reddish  brown  co- 
lour, tenacious,  and  easily  fusible  :  that  with  copper  is  of 
a  green  colour :  when  digested  in  alkohol,  its  colour  be- 
comes deeper,  and  it  liquefies,  but  does  not  dissolve  in  the 
cold  :  ether  renders  its  colour  deeper  and  more  beautiful, 
and  dissolves  a  considerable  quantity  of  it :  it  is  also  a- 
bundantly  soluble  in  oils,  to  which  it  gives  a  fine  green 
tinge.  This,  on  account  of  its  solidity  and  its  fine  green 
colour,  has  been  proposed  to  be  used  as  a  paint  *.  The 
compound  which  oxide  of  lead  forms  is  white,  tenacious, 
and  very  adhesive  when  heated  :  that  of  tin  is  also  white  : 
it  is  not,  like  the  other  metallic  soaps,  fusible ;  but  is  de- 
composed by  heat.  The  soap  of  zinc  is  yellowish  white, 
dries  speedily,  and  becomes  fusible  :  that  of  cobalt  is  of  a 
dull  leaden  colour,  and  drys  with  difficulty  and  that  of 
manganese  white,  but,  on  exposure  to  the  air,  assumes  a 
peach- bloom  colour,  which  gradually  deepens  f . 

Expressed  oil  is  capable  of  acting  more  'directly  on 
some  of  the  metallic  oxides,  and  even  of  promoting  the 

*  Journal  de  I'Ecole  Polytechnique,  Cah.  iii.  p.  427. 
f  Nicholson's  Journal,  4to,  vol.  i.  p.  172. 
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oxidizement  of  some  of  the  metals.  If  copper  be  rubbed 
over  with  grease,  and  exposed  to  the  air,  the  surface  soon 
becomes  green,  the  fat  probably  absorbing  oxygen,  which 
acts  on  the  metal.  The  oxidizement  of  mercury  by  tri* 
turation  with  lard  probably  depends  on  the  same  agency. 
With  oxide  of  lead,  expressed  oil  combines  readily,  either 
by  trituration,  or  in  a  more  perfect  manner  by  boiling;  and 
by  the  last  method,  so  much  of  the  oxide  is  dissolved,  that 
the  compound,  when  cold,  assumes  a  solid  consistence, 
and  is  hard.  This  forms  what  in  pharmacy  is  named 
Common  Plaster,  prepared  by  boiling  two  parts  of  oil  with 
one  part  of  vitrified  oxide  of  lead  ( litharge Jy  adding  a  small 
portion  of  water  to  prevent  the  composition  from  being 
scorched.  The  mixture  becomes  white :  it  retains  this 
whiteness  when  cold,  but  becomes  yellow  from  long  ex- 
posure to  the  air.  Its  texture  is  foliated,  and  it  is  easily 
melted.  From  its  adhesive  quality  and  its  mildness,  it  is 
well  adapted  to  the  uses  to  which  it  is  applied  in  surgery. 
Deyeux,  who  has  made  some  observations  on  these  com- 
binations has  remarked,  that  some  other  metallic  oxides, 
as  those  of  bismuth  and  mercury,  may  be  made  to  afford 
similar  compositions  with  oil.  In  the  action  of  expressed 
oils  on  litharge,  Scheele  had  observed,  that  a  substance 
of  a  sweet  taste  is  produced,  which  remains  dissolved  in  the 
water  with  which  the  litharge  and  oil  are  boiled.  From 
some  experiments  on  this  subject,  it  appears,  that  during 
the  action  of  the  oil  on  the  oxide,  carbonic  acid  is  formed, 
with  a  portion  of  water,  and  this  leaving  oxygen  redundant 
gives  rise  to  the  formation  of  the  sweet  substance,  which 


*  Anjiales  de  Chimie,  torn,  xxxiii.  p.  50. 
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resembles  sugar  in  several  of  its  properties,  but  differs  from 
it  in  others,  particularly  in  being  volatile,  and  in  not  being 
capable  of  fermenting.  The  oil,  thus  changed  somevi^hat 
in  composition,  suffers  a  change  injits  properties  ;  it  be- 
comes volatile,  and  soluble  in  alkohol,  and  thus  approaches 
to  volatile  oil.  A  similar  change  is  produced  on  it,  vi^hen 
it  is  made  to  form  soap  by  combination  with  an  alkali ; 
oxygen  is  absorbed,  but  none  of  the  sweet  matter  is  form- 
ed *. 

Expressed  oil  is  capable  of  combining  with  sulphur,  by 
boiling  them  together.  This  solution,  named  in  the  shops 
Balsam  of  Sulphur,  is  of  a  reddish  brown  colour,  an  ex- 
tremely foetid  smell,  and  an  acrid  taste.  By  the  applica- 
tion of  heat,  it  emits  sulphuretted  hydrogen.  When  con- 
centrated, sulphur  is  deposited  from  it,  crystallized  in  oc- 
taedrons. 

Expressed  oil  is  also  capable  of  dissolving  phosphorus 
with  the  assistance  of  heat.  The  liquid  is  luminous,  when 
exposed  to  the  air.  When  saturated,  a  part  of  the  phos- 
phorus is  deposited,  on  cooling,  in  octaedral  crystals. 

It  unites  with  several  of  the  other  vegetable  products  ; 
with  gum,  fecula,  and  sugar.  If  triturated  with  any  of 
these,  and  a  little  water,  it  forms  a  milky  fluid,  which  may 
be  diffused  through  water  without  the  oil  immediately  se- 
parating. The  mucilage  suspends  it  more  completely 
than  either  of  the  others;  and  it  is  frequently  used  in  phar- 
macy for  this  purpose. 

Expressed  oils  are  applied  to  many  purposes  in  the  arts. 
They  form  the  basis  of  paints,  the  oil  being  triturated  with 


*  Nicholson's  Journal,  vol.  xviii.  p.  231. 
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white  oxide  of  lead,  and  the  colouring  matter  being  after- 
wards added.  Combined  with  resin  and  turpentine,  they 
form  what  are  named  Fat  Varnishes,  which  differ  from 
the  spirit  varnishes  in  being,  when  dry,  more  flexible. 
Mixed  with  lamp-black,  they  form  the  composition  used  as 
printing-ink.  For  these  uses,  the  drying  oils,  those  of 
linseed,  of  poppy,  hemp,  or  nuts,  are  employed ;  and  they 
require  even  preparation.  Not  only  is  the  seed  from 
which  they  are  extracted  previously  roasted,  but  the  oil  is 
boiled  strongly  for  some  time,  is  even  sometimes  kindled, 
and  allowed  to  burn  for  a  little  ;  or  is  boiled  with  a  little 
litharge ;  and  for  difi'erent  purposes  these  processes  are 
often  varied. 


SECT.  X. 

OF  VOLATILE  OR  ESSENTIAL  OIL. 

The  Volatile,  though  agreeing  with  the  fixed  oils  in 
unctuosity,  inflammability,  and  several  properties,  difi^er 
from  them  materially  in  others.  They  are  volatile  at  a  low 
temperature,  and  are  converted  into  vapour  at  the  heat  of 
boiling  water,  without  being  decomposed  :  they  are  solu- 
ble in  a  small  proportion  in  water:  they  are  more  soluble  in 
alkohol,  and  they  do  not  easily  combine  with  the  alkalis. 
They  are  in  general  odoriferous,  pungent,  and  acrid  }  and 
they  are  more  highly  inflammable  than  the  fixed  oils. 

These  oils  are  less  abundantly  difl^used  through  the  ve- 
getable kingdom  than  many  other  proximate  principles, 
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There  are  many  vegetables  in  which  they  cannot  be  dis- 
covered ;  and  they  do  not  exist  in  any  considerable  quan- 
tity but  in  the  aromatic  plants.  In  some  plants  the  oil  is 
confined  to  the  flowers,  the  fruit,  the  leaves,  or  bark; 
sometimes  it  is  contained  in  several  of  these  parts,  and  in 
a  few  instances  it  is  found  diffused  through  every  part  of 
the  plant.  The  quantity  varies,  not  only  according  to  the 
age,  but  also  according  to  the  vigour  of  the  plant  ;  hence 
it  is  much  dependent  on  climate,  soil,  and  season. 

It  is  remarkable,  that  though  in  general  the  odour  seems 
to  reside  in  the  essential  oil,  there  are  some  pf  the  most 
odoriferous  flowers,  as  the  violet  or  jessamine,  which  yield 
scarcely  any  essential  oil,  though  they  lose  their  flavour 
by  a  gentle  heat. 

Some  of  the  essential  oils  being  contained  in  distinct 
vesicles,  may  be  obtained  by  pressure.    In  this  manner, 
essential  oils  are  obtained  from  lemon  or  orange  peel. 
More  usually  they  are  obtained  by  distillation.    The  ge- 
neral process  to  procure  an  essential  oil,  is  to  expose  the 
vegetable  substance  to  heat,  along  with  a  large  portion  of 
water,  in  the  common  still.    The  heat  of  boiling  water  is 
sufficient  to  volatiUze  the  oil :  it  is  therefore  carried  over 
with  the  aqueous  vapour  :  both  are  condensed  in  passing 
through  the  spiral  tube  connected  with  the  still :  the  wa- 
ter retains  the  taste  and  flavour  of  the  plant,  from  having 
dissolved  a  small  part  of  the  oil ;  the  greater  part  of  it, 
however,  separates,  and  swims  on  the  surface,  or  in  a  few 
cases  sinks  to  the  bottom.    Hence  the  oils  prepared  in  this 
way  are  named  Distilled  Oils';  and  the  waters  impregnat- 
ed with  them,  Distilled  Waters. 

The  Cijsential  oils  are  in  general  lighter  than  water  j 
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though  a  few  produced  from  the  aromatic  plants  of  hot 
climates,  as  cloves  of  cinnamon,  are  heavier  :  they  are  thia 
and  fluid,  though  sometimes  thick  and  viscid :  some  con- 
geal at  a  moderate  reduction  of  temperature,  others  remain 
fluid  at  very  intense  colds.  In  congealing  they  assume  3. 
crystalline  arrangement.  A  few  oils  are  always  obtained 
concrete,  such  as  that  of  roses.  Their  colours  are  various, 
and  each  has  a  peculiar  odour  and  taste  ;  the  odour  is  that 
of  the  vegetable  from  which  it  is  extracted. 

The  essential  oils  are  volatilized  by  a  very  moderate 
heat :  if  a  greater  heat  is  quickly  applied  to  them,  as  when 
they  are  distilled  without  water,  they  suffer  a  change  in 
composition  and  properties  9  hydrogen  is  evolved,  and 
charcoal  is  obtained  as  a  residuum. 

These  oils  exposed  to  the  air,  suffer  a  gradual  change. 
They  lose  a  great  part  of  their  smell  j  are  thickened  j  and 
at  length  become  nearly  concrete  :  depositing,  at  the  same 
'  time,  crystals  of  an  acid  nature.  From  these  changes  it 
was  formerly  concluded,  that  oils  are  not  homogeneous  in 
their  composition,  but  consist  of  a  subtle  and  volatile  odo- 
rous matter,  and  of  another  more  fixed  ;  and  that  the  chan- 
ges the  oil  suffers  from  exposure  to  the  air,  are  owing  to 
the  escape  of  the  more  volatile  part.  For  this  opinion 
there  is  no  foundation ;  and  these  changes  appear  to  arise 
from  absorption  of  oxygen,  which  has  been  demonstrated 
by  experiment :  this  oxidizes  a  portion  of  the  oil,  so  as  to 
form  an  acid  similar  to  the  benzoic  j  but  the  greater  part 
of  it,  either  by  the  loss  of  part  of  its  hydrogen,  or  partly 
from  this,  and  partly  from  the  fixation  of  oxygen,  is  con- 
verted into  a  substance  of  a  resinous  flature.  Water.  i» 
also  said  to  be  formed  in  small  quantity,. 
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The  volatile  oils  when  heated,  are  inflamed  even  more 
easily  than  the  fixed  are,  and  their  combustion  is  more  ra- 
pid, owing  probably  to  their  greater  volatility.  The  pro- 
ducts of  the  combustion  are  water  and  carbonic  acid. 
They  yield  more  water  than  the  fixed  oils  do ;  hence  they 
consist  of  carbon  and  hydrogen,  united  perhaps  with  a 
portion  of  oxygen  :  and  they  differ  from  the  fixed  oils,  in 
containing  more  hydrogen  proportioned  to  their  carbon. 
To  this  probably  are  owing  their  greater  volatility  and  in- 
flammability. 

The  essential  oils  are  dissolved  by  water,  but  in  very 
small  quantity,  only  as  much  as  communicates  their  fla- 
vour and  taste.  Distillation  is  not  necessary  for  this  com- 
bination being  eflfected,  mere  agitation  is  sufficient ;  and 
thus  waters  may  be  formed,  as  strongly  impregnated  as 
those  which  ajre  distilled. 

The  essential  oils  are  much  more  soluble  in  alkohol ; 
and  this  forms  one  of  the  principal  distinctive  characters 
between  them  and  the  fixed  oils.  Some  combine  with  the 
alkohol  in  every  proportion,  others  in  limited  quantities  ; 
and  there  are  some  which  are  sparingly  soluble,  as  oil  of 
lemon  peel  or  of  turpentine, — affbrding  in  common,  with 
many  facts  relating  to  the  chemical  relations  of  the  vege- 
table proximate  principles,  a  proof  that  in  each  the  pro- 
perties are  not  perfectly  uniform,  but  exhibit  gradations, 
undoubtedly  from  slight  variations  in  the  composition 
which  constitutes  the  species.  The  solutions  of  the  es- 
sential oils  in  alkohol,  are  decomposed  by  the  affusion  of 
water,  which  attracts  the  alkohol ;  the  oil  is  separated,  and 
being  diffused  through  the  fluid  in  minute  globules,  ren- 
ders it  milky. 
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The  action  of  the  acids  on  the  essential  oils.  Is  more 
violent  than  their  action  on  the  fixed  oils.  Sulphuric  acid 
blackens  them  instantly,  and  sulphurous  acid  and  carbonic 
acid  gases  are  disengaged  with  sudden  effervescence  and 
considerable  elevation  of  temperature.  Nitrous  acid  acts 
with  such  violence,  as  often  even  to  inflame  the  oil  ;  and 
the  inflammation  almost  always  takes  place  when  a  little 
sulphuric  acid  has  been  added  to  the  nitrous  acid,  imme- 
diately Before  its  affusion  on  the  oil.  If  the  nitric  acid  be 
added  more  slowly,  and  with  precaution  to  guard  against 
inflammation,  it  appears  from  an  experiment  performed  by 
Chaussier  *,  that  prussic,  malic,  and  oxalic  acids  are  form- 
ed i  the  remaining  oil  is  converted  into  a  viscous  resinous 
substance,  and  much  carbonic  acid,  nitric  oxide,  and  ni- 
trogen gases  are  evolved,  during  the  operation.  The  ac- 
tion of  muriatic  acid  is  less  violent ;  it  deepens  in  general 
the  colour  of  the  oil,  and  thickens  it.  The  oxymuriatic 
converts  these  oils  into  a  resinous-like  matter. 

The  essential  oils  combine  with  difficulty  with  the  fixed 
alkalis.  By  long  trituration  of  the  pure  alkali  with  the 
oil,  a  combination  is  effected,  and  a  saponaceous  compound 
is  formed  ;  which  is  much  less  perfect,  however,  than  that 
formed  by  the  fixed  oils  with  the  alkalis,  and  generally  de- 
composes on  keeping.  From  the  observations  of  Pelletier, 
it  would  appear,  that  when  the  alkali  is  saturated  with 
carbonic  acid,  it  combines  more  easily  and  perfectly  with 
the  essential  oils,  than  when  it  is  pure  :  and  he  has  sup- 
posed, that  the  indirect  processes  employed  by  the  che- 
mists to  form  these  combinations,  some  of  which  were 
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medicinally  used,  succeeded  in  consequence  of  the  ab- 
sorption of  carbonic  acid  from  the  atmosphere  *. 

Liquid  ammonia,  distilled  with  the  essential  oils,  dis- 
oolves  them  but  very  sparingly.  It  combines  readily,  how- 
ever, with  them  when  they  are  dissolved  in  alkohol. 

These  oils  are  capable  of  dissolving  sulphur.  The  com- 
pound has  an  offensive  smell  and  taste.  From  the  satur- 
ated solution,  part  of  the  sulphur  separates  on  standing  in 
transparent  crystals.  They  likewise  dissolve  phosphorus  ; 
and  from  this  saturated  solution  the  phosphorus  is  also  de- 
posited in  a  crystalline  form.  Some  of  these  solutions, 
that  in  oil  of  cloves  for  instance,  are  luminous,  without 
giving  out  much  heat. 

They  decompose  some  of  the  metallic  salts,  first  at- 
tracting the  oxide,  from  which  the  oxygen  continues  to  be 
slowly  attracted,  probably  by  the  hydrogen  of  tlie  oil,  so 
that  the  metal  is  at  length  precipitated  ia  its  pure  form. 

The  volatile  oils  unite  in  some  measure  with  mucilage 
or  with  sugar  j  and  by  the  medium  of  either  of  these  they 
may  be  suspended  in  water. 

They  are  in  general  used  as  perfumes,  or  in  the  prac- 
tice of  medicine.  Some  of  them  enter  into  the  composi- 
tion of  varnishes. 

These  oils  are  frequently  adulterated,  either  by  the  ad- 
dition of  some  cheaper  essential  oil,  as  that  of  turpentine, 
of  a  pure  fixed  oil,  as  oil  of  almonds,  or  of  alkohol.  The 
first  is  betrayed  by  its  smell,  when  a  little  of  the  adulte"^- 
ated  oil  dropt  on  paper  is  heated  before  a  fire  •,  the  second 
by  the  oil  dropt  on  paper  leaving  a  greasy  stain,  even  after 
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the  paper  has  been  exposed  to  as  high  a  heat  as  it  can  bear, 
and  by  not  being  soluble  in  alkohol ;  the  third  by  becom- 
ing milky  whenever  it  is  mixed  with  water. 


SECT.  XI. 

OF  CAlMriTOR. 

Camphor  Is  a  principle  of  vegetables  which  in  many  of 
its  properties  resembles  the  volatile  oils.  Like  them  it  is 
odorous,  pungent,  volatile,  inflammable,  sparingly  soluble 
in  water,  and  abundantly  soluble  in  alkohol.  It  differs 
from  them  principally  in  its  concrete  form,  in  its  peculiar 
odour,  in  its  relations  to  the  acids  and  alkalis,  and  the  re- 
sults of  its  decomposition  by  heat. 

Camphor  is  a  principle  contained  in  many  vegetables, 
especially  the  aromatic  plants,  and  even  those  of  our  own 
country,  as  peppermint,  rosemary,  marjoram,  and  others : 
it  appears  to  be  volatilized  in  combination  with  their  es- 
sential oil  in  the  process  of  distillation,  and,  when  these 
are  long  kept,  is  deposited  in  a  crystalline  form,  Proust 
extracted  it  in  this  way  in  considerable  quantity  from  oil 
of  lavender,  of  sage,  and  other  labiated  plants  ;  the  ^irst, 
by  spontaneous  evaporation,  affording  one-fourth  ;  the  se- 
cond one-eighth  of  its  weight :  and  he  even  supposed  that 
it  might  thus  be  produced  on  a  large  scale.  The  process 
he  followed  vi^ith  this  view  was  to  distil  oil  of  lavender 
with  the  heat  of  a  water-bath  inferior  to  212*^,  until  ore- 
third  had  passed  over ;  the  remaining  quantity  when  cold 


OF  CAMPHOR. 


affords  camphor,  which  may  be  separated  from  the  adher-- 
ing  oil  by  pressure  between  folds  of  bibulous  paper,  and 
which,  when  refined  by  sublimation  with  a  little  lime,  af- 
forded a  white  concrete  similar  to  common  camphor,  but 
retaining  somewhat  of  the  odour  of  the  essential  oil  *. 
The  same  plants  in  this  country,  however,  certainly  do 
not  contain  any  proportion  of  camphor,  such  as  Proust 
describes ;  and  it  is  even  probable,  that  part  at  least  of  the 
camphor  deposited  from  essential  oils  that  have  been  long 
exposed  to  the  air,  has  been  formed  from  changes  in  the 
composition  of  the  oil. 

Camphor  exists  also  in  the  roots  of  some  aromatic  plants, 
and  has  been  extracted  from  those  of  cassia,  cinnamon, 
and  elecampane.  The  camphor  of  commerce  is  procured, 
however,  from  a  particular  plant,  the  Laurus  camphora, 
a  native  of  the  east  of  Asia.  It  exists  ready  formed  in 
the  wood  of  this  tree,  can  be  seen  interspersed  through  it 
In  vesicles,  and  can  be  picked  out.  It  then  forms  what 
has  been  named  Native  Camphor.  It  is  usually  procured, 
however,  by  the  process  of  sublimation.  The  wood  of 
the  stem  and  branches,  cut  into  small  billets,  is  exposed 
with  a  little  water  to  a  moderate  heat,  in  a  kind  of  alem- 
bic, to  the  head  of  which  is  adaptejl  a  capital  in  which 
straw  is  put.  The  camphor  is  volatilized,  and  attaches 
itself  to  the  straw.  It  is  a  little  impure,  but  is  purified  in 
Europe  by  a  second  sublimation. 

The  camphor  of  commerce,  from  its  mode  of  prepara- 
tion, is  in  the  form  of  large  semi-spherical  cakes  :  when 
broken,  it  appears  in  fragments  of  a  texture  somewhat 
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Striated,  having  a  degree  of  ductility,  in  consequence  of 
which  it  can  be  compressed,  and  is  not  easily  reduced  to 
powder  ;  of  a  white  colour,  and  semi-transparent ;  a  little 
unctuous  to  the  feel ;  having  a  very  strong,  peculiar,  and 
rather  fragrant  odour,  and  a  taste  which  is  pungent  and 
bitter.  It  is  also  susceptible  of  crystallization  :  when 
slowly  sublimed,  or  when  slowly  precipitated  from  its  so- 
lution in  water  by  the  affusion  of  alkohol,  it  appears  in  the 
form  of  acicular  prisms. 

Camphor,  though  a  concrete  substance,  is  even  more 
volatile  than  the  essential  oils.  It  evaporates  quickly  at  the 
common  temperature  of  the  atmosphere,  losing  in  weight, 
and  an  angular  fragment  becoming  spherical ;  and  at  a 
temperature  between  100  and  150,  it  sublimes  in  close 
vessels  unchanged.  If  heated  under  compression,  or  if 
suddenly  heated  under  the  pressure  of  the  atmosphere,  it 
becomes  fluid  before  it  passes  into  vapour ;  and  in  the  pro- 
cess of  subliming  it  in  the  large  way,  the  heat  is  so  applied, 
that  the  camphor  is  kept  fluid,  and  the  sublimed  cake  is 
thus  obtained  more  dense.  The  temperature  at  which  it 
Cnelts  is,  according  to  Venturi,  302®  of  Fahrenheit. 

It  is  highly  inflammable,  kindles  very  readily,  and  burns 
with  the  emission  of  much  light,  and  with  a  dense  black 
smoke,  which  condenses  into  a  smooth  light  charcoal. 
Carbonic  acid  gas  is  produced,  and  a  portion  of  the  pecu- 
liar acid  which  has  been  named  Camphoric  Acid. 

Camphor  is  sparingly  soluble  in  water.    When  tritur- 
ated with  it,  it  communicates  its  smell  and  taste  to  the 
water,  which  remains  odorous,  and  somewhat  pungent, 
even  when  filtrated  ;  but  no  appreciable  quantity  is  dis- 
solved.   A  phenomenon  which  has  excited  some  attention 
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is  presented^  wlien  pieces  of  camphor  are  placed  on  the 
surface  of  pure  water.  They  soon  begin  to  move  with 
rapidity,  and  while  moving  dissolve,  the  solution  taking 
place  at  the  line  where  the  water  and  the  air  are  in  con- 
tact ;  as  is  proved  by  immersing  a  cylinder  of  camphor 
in  water  part  of  its  length  :  it  becomes  excavated,  and  at 
length  is  cut  through,  exactly  on  a  level  with  the  surface 
of  the  water  ;  and  the  motions  of  the  camphor  are,  ac- 
cording to  Venturi,  owing  to  this  cause ;  or,  as  he  has 
expressed  it,  the  rotation  of  small  pieces  of  camphor  at  the 
surface  of  water  is  the  mechanical  effect  of  the  re-action 
which  the  oily  liquor,  (into  which  the  camphor,  by  the  sol- 
vent power  of  the  air  and  water,  is  resolved),  extending 
itself  upon  the  water,  exercises  against  the  camphor  itself*. 

Camphor  is  soluble  in  alkohol :  the  solution  is  immedi- 
ately decomposed,  and  the  camphor  precipitated  in  the 
form  of  a  white  powder,  by  the  affusion  of  water  ;  but  if 
rhe  water  be  slowly  added,  and  merely  in  such  a  quantity 
as  to  weaken  the  affinity  of  the  alkohol  to  the  camphor, 
the  latter,  in  separating,  presents  a  dendritic  crystalliza- 
tion.   It  is  also  soluble  in  expressed  and  essential  oils. 

The  alkalis  do  not  dissolve  camphor,  or  produce  on  if: 
any  sensible  change.  Of  the  earths,  magnesia  appears  to 
exert  some  action  on  it,  as,  when  they  are  triturated  to- 
gether, the  camphor  is  reduced  to  a  smooth  impalpable 
powder,  which  is  easily  diffused  in  water. 

The  action  of  tlie  stronger  acids  on  camphor  is  pecu- 
liar, and  presents  some  singular  results. 

Sulphuric  acid  digested  on  it  renders  it  brown  •,  and  at 
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kngth  a  brown  or  reddish  solution  is  obtained,  from  which, 
on  the  addition  of  water,  camphor  is  again  precipitated. 
This,  however,  it  has  been  remarked  by  Mr  Hatchet,  in 
his  experiments  on  the  formation  of  artificial  tannin,  takes 
place  only  at  a  certain  stage  of  the  process  ;  and  he 
has  Investigated  other  changes  which  happen  with  more 
precision.  One  hundred  grains  of  camphor  being  added 
to  one  ounce  of  concentrated  sulphuric  acid,  it  gradually 
dissolved,  forming  a  solution  which,  from  yellow,  deepen- 
ed to  a  blackish  brown,  much  sulphurous  acid  gas  having 
been  disengaged :  at  the  end  of  two  days,  the  production 
of  this  gas  had  ceased  ;  the  vessel  was  placed  in  a  sand- 
bath,  by  which  it  was  for  a  time  renewed.  At  the  end  of 
two  days  more,  six  ounces  of  water  were  gradually  add- 
ed i  a  coagulum  of  a  reddish  brown  colour  was  formed  ; 
the  odour  of  sulphurous  acid  ceased,  and  was  srlcceeded 
by  one  resembling  that  of  a  mixture  of  oils  of  lavender 
and  peppermint.  The  whole  was  then  distilled  gradual- 
ly :  the  water  impregnated  with  this  odour  came  over,  ac- 
companied by  a  yellowish  oil,  amounting  to  about  three 
grains.  When  the  whole  of  the  water  had  distilled  over, 
there  was  a  slight  production  of  sulphurous  acid  gas :  two 
ounces  of  water  were  then  added,  and  the  distillation  con- 
tinued until  a  dry  blackish  brown  mass  remained  :  by  the 
action  of  alkohol,  part  of  this  was  dissolved,  part  remain- 
ed undissolved  :  the  latter,  which  amounted  in  quantity 
to  ."53  grains,  had  the  appearance  of  a  compact  coal :  the 
dissolved  matter  had  the  properties  of  tanin  :  it  weighed, 
when  obtained  solid,  49  grains.  Into  these  three  sub- 
{jtances,  therefore,  the  camphor  had  been  resolved,  by  the 
action  of  the  sulphuric  acid  causing  its  elements  to  enter 
Vol.  IV.       '  P 
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into  new  combinations,  and  perhaps  imparting  a  little  oxy  - 
gen, as  there  was  an  increase  of  weight  equal  to  five 
grains  *. 

The  action  of  nitric  acid  on  camphor  is  very  different. 
In  the  cold  it  dissolves  it,  and  the  solution  divides  into  two 
portions, — one  a  yellowish  liquid  of  an  oily-like  appear- 
ance, which  floats  above  the  other  that  appears  more  wa- 
tery. The  first  contains  camphor  in  a  state  of  solution  in 
nitric  acid,  and  is  decomposed  by  the  affusion  of  water  ; 
part  of  the  camphor  has,  however,  been  changed  in  com- 
position J  for  not  more  than  two- thirds  of  the  portion  oper- 
ated on  can  thus  be  recovered  :  the  remaining  quantity  ap- 
pears to  exist  in  the  state  of  an  acid,  with  a  quantity  of 
nitric  acid  in  the  watery  hquid.  By  the  greater  number 
of  the  other  acids  camphor  is  dissolved.  Muriatic  acid 
gas  and  fluoric  acid  gas  dissolve  it,  and  form  a  combina- 
tion which  is  decomposed  by  water  ;  and  liquid  muriatic 
acid,  as  well  as  acetic  acid,  easily  effect  its  solution  j  and 
Bergius  found,  that  water  impregnated  with  carbonic  acid 
dissolved  a  larger  portion  of  it  than  pure  water  f . 

By  distilling  nitric  acid  from  camphor,  it  is  more  com- 
pletely changed,  and  by  this  process  is  converted  into  an 
?xid  which  has  received  the  name  of  Camphoric  acid. 
The  process  consists  in  distilling  from  4  ounces  of  cam- 
phor in  a  retort,  1  lb.  of  nitric  acid,  so  far  diluted  as  to  be 
of  the  specific  gravity  of  1.33,  the  heat  being  gradually 
applied  by  the  medium  of  a  sand-bath  :  nitric  oxide  and 
carbonic  acid  gases  are  disengaged  ;  part  of  the  camphor 


*  Philosophical  Transactions,  1805. 
+  Materia  Medica,  p.  320. 


OF  CAMPHOR.  i2c27 

rises  in  vapour,  while  the  other  part  receives  oxygen  from 
the  acid.  When  the  vapours  have  ceased,  the  receiver  is 
to  be  unluted  ;  the  camphor  condensed  in  it  is  to  be  re- 
turned into  the  retort,  another  pound  of  acid  added,  and 
the  distiihition  is  to  be  renewed.  This  operation  is  to  be 
repeated,  until  all  the  camphor  is  acidified.  According  to 
Lagrange,  who  performed  this  experiment  with  care,  a- 
bout  5  pounds  of  nitric  acid  of  the  above  strength  are  re* 
quired  to  acidify  4  ounces  of  camphor  *.  At  the  end  of 
the  experiment,  the  camphoric  acid  crystallizes  in  the  re^ 
maining  liquid.  The  liquid  is  decanted  off,  and  the  crySf 
rals  being  placed  on  a  filtre,  are  washed  with  distilled  wa- 
ter, to  carry  off  any  adhering  nitric  acid.  They  amoun 
to  nearly  half  the  weight  of  the  camphor. 

Camphor  may  be  decomposed  by  heat :  and  the  experi- 
ment is  instructive,  as  pointing  out  the  peculiar  nature  of 
this  principle.    Some  management  is  requisite  to  submit 
it  to  a  heat  sufficiently  high,  and  at  the  same  time  prevent 
its  volatilization.    The  process  which  has  been  followed, 
is  to  mix  it  with  pure  clay :  six  parts  of  clay  being  used 
to  one  of  camphor :  both  are  reduced  to  powder,  and 
when  intimately  mixed,  the  mixture  is  made  into  a  paste 
with  water,  which  is  made  up  into  small  balls,  and  well 
dried.    These  balls  are  exposed  in  a  retort  to  a  heat  gra- 
dually raised,  the  retort  being  connected  with  a  receiver 
containing  a  portion  of  distilled  water.    Part  of  the  cam- 
phor is  sublimed,  but  the  greater  part  of  it  is  decomposed  j 
an  oily  fluid  distils  over,  which  swims  on  the  surface  of 
the  water  ;  a  portion  of  camphoric  acid  is  likewise  pro- 
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cluccd,  which  the  water  dissolves,  and  there  remains  in  the 
retort  a  quantity  of  charcoal  mixed  with  the  clay,  and 
giving  to  the  whole  a  deep  black  colour  :  there  are  disen- 
gaged too  in  the  course  of  the  experiment,  carburetted 
hydrogen,  and  carbonic  acid  gases.  From  4  ounces  of 
camphor  there  are  obtained,  according  to  Lagrange,  by 
this  process,  12  drachms  of  oil,  and  8  drachms  of  charcoal, 
besides  the  ciunphoric  acid  and  aerial  fluids  *. 

The  oil  of  camphor,  as  this  product  of  the  decomposi- 
tion has  been  named,  is  of  a  golden  yellow  colour  ;  has 
an  aromatic  odour  resembling  that  of  thyme  or  rosemary, 
and  an  acrid  burning  taste,  leaving  a  sense  of  coolness  on 
the  tongue.  It  is  volatile :  when  exposed  to  the  air  it 
partly  evaporates,  and  there  remains  a  thick  yellow  matter, 
vvhich  at  length  also  entirely  evaporates.  It  is  volatilized 
by  heat,  and  is  inflammable.  Alkohol  dissolves  it  entire- 
ly, and  the  solution  is  rendered  milky,  but  without  any 
precipitate  on  the  affusion  of  water.  It  combines  with 
the  pure  alkalis,  affording  a  compound  soluble  in  water, 
and  which  has  the  characters  of  the  soap  made  with  vo- 
latile oils.  When  brought  into  contact  with  oxymuriatic 
acid,  this  oil  becomes  white,  but  no  precipitate  appears. 

This  substance  has  evidently  the  properties  of  a  volatile 
oil ;  and  hence  the  decomposition  of  the  camphor  in  which 
it  is  produced,  points  out  the  chemical  constitution  of  this 
principle.  As  it  is  resolved  into  this  oil  and  into  charcoal, 
or  compounds  containing  carbon,  it  is  obvious,  that  it  dif- 
fers from  the  volatile  oils  principally,  in  the  larger  quanti- 
ty of  carbon  which  enters  into  its  composition. 


*  Nicholson's  Journal,  dto,  vol.  ii,  p.  199. 
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It  has  already  been  stated,  under  the  history  of  the  com- 
pounds of  carbon  and  hydrogen,  that  when  the  vapour  of 
camphor  is  transmitted  through  an  ignited  glass  tube,  it 
is  resolved  principally  into  a  species  of  oxy-carburetted  hy- 
drogen gas,  of  greater  specific  gravity  than  the  other  gases 
of  this  family  ;  consuming  also  a  large  quantity  of  oxygen 
in  its  combustion,  and  affording  a  large  proportion  of  car- 
bonic acid  from  that  process :  containing,  therefore,  evi- 
dently a  large  quantity  of  carbon  in  its  composition. 

The  Camphoric  acid  produced  by  the  preceding  pro- 
cesses, has  been  particularly  examined  by  Lagrange,  who 
has  found  reason  to  conclude,  that  it  is  different  from  all 
the  known  acids.  It  has  a  slightly  acid  bitter  taste,  and 
reddens  infusion  of  litmus.  Its  crystals  effloresce  on  ex- 
posure to  the  air ;  they  are  sparingly  soluble  in  cold  wa- 
ter, an  ounce  of  water  at  50''  of  Fahrenheit  not  dissolv- 
ing more  than  6  grains  ;  at  212°,  about  48  grains  are  dis- 
solved. When  the  acid  is  placed  on  ignited  fuel,  it  emits 
a  dense  aromatic  vapour,  and  is  entirely  dissipated.  By 
applying  heat  to  it  in  close  vessels,  it  first  melts  and  sub- 
limes, but  by  a  higher  heat  its  properties  are  changed  ;  it 
no  longer  reddens  litmus,  it  acquires  an  aromatic  smell,  its 
taste  is  less  penetrating,  and  it  is  no  longer  soluble  in  wa- 
ter, or  in  sulphuric  or  muriatic  acid.  Nitric  acid  heated 
on  it,  turns  it  yellow  and  dissolves  it. 

Camphoric  acid  is  soluble  in  the  mineral  acids  :  it  is 
likewise  soluble  in  alkohol,  and  in  the  volatile  and  fixed 
oils.    It  produces  no  change  in  sulphur. 

The  salts  formed  by  this  acid,  with  the  alkaline,  earthy, 
and  metallic  bases,  are  named  Camphorates.  Their 
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properties  have  been  examined  by  Lagrange*.  Their 
taste  is  somewhat  bitter :  they  are  decomposed  by  heat, 
the  acid  being  sublimed  ;  and  they  all  exhibit  a  blue 
flame  when  heated  before  the  blowpipe.  The  alkaline  and 
earthy  camphorates  are  formed  by  addi.^g  the  camphoric 
acid  to  the  alkali  or  earth,  either  pure,  or  in  the  state  of 
carbonate  •,  the  carbonic  acid,  in  the  latter  case,  being  dis- 
engaged. 

Camphorate  of  potassa  is  sparingly  soluble  in  cold,  but 
abundantly  soluble  in  boiling  water     it  crystallizes,  in 
crystals  of  six  sides,  white  and  transparent,  and  having  a 
bitterish  taste.    It  is  also  soluble  in  alkohol.    It  is  slight- 
ly deliquescent  in  a  humid  atmosphere  •,  is  fused,  and  then 
decomposed  by  heat,  and,  as  all  the  camphorates  do,  burns 
with  a  blue  flame.    Camphorate  of  soda  is  less  soluble 
than  that  of  potassa,  either  in  cold  or  warm  water  :  its 
crystals  are  not  of  a  regular  form;  they  are  white  and 
transparent,  and  have  a  bitterish  taste.    They  are  also  so- 
luble in  alkohol  :  they  are  slightly  efflorescent ;  are  decom- 
posed by  heat,  in  the  same  manner  as  the  other.  Campho- 
rate of  ammonia  is  not  easily  obtained  crystallized  :  its  so- 
lution, evaporated  by  a  very  gentle  heat,  giving  a  solid  mat- 
ter, not  transparent,  which  has  nearly  the  same  degree  of 
solubility  as  the  camphorate  of  potassa.    It  is  also  soluble 
in  alkohol ;  is  deliquescent,  arjd  decomposed  by  heat. 

The  earthy  are  much  less  soluble  than  the  alkaline  cam- 
phorates. Camphorate  of  lime  is  sparingly  soluble  in 
water,  sufficiently  so,  however,  to  remain  in  solution  when 
the  acid  is  dropt  into  lime-water.    When  this  solution  is 
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evaporated,  the  salt  is  deposited,  on  tooling,  in  crystalline 
plates,  of  a  white  colour.  It  is  efflorescent :  like  the  other 
camphorates,  it  is  decomposed  by  heat.  It  is  insoluble  in 
alkohol.  The  camphorate  of  barytes  is  prepared  in  a  si- 
milar manner  ;  and  by  evaporation  it  is  obtained,  when  the 
liquor  cools,  in  crystalline  plates.  It  is  very  sparingly  so- 
luble in  water;  is  not  altered  from  exposure  to  the  air. 
Its  taste  is  slightly  bitter.  Camphorate  of  magnesia  is 
prepared  by  adding  camphoric  acid  to  carbonate  of  mag- 
nesia diffused  in  water,  filtrating  the  solution,  and  evapo- 
rating it  :  the  salt  is  deposited  in  crystalline  plates,  white, 
opaque,  and  slightly  efflorescent.  Its  taste  is  bitter:  it  is 
very  sparingly  soluble  in  water,  and  also  in  alkohol. 
Camphorate  of  argil  is  prepared  by  a  process  similar  to 
that  by  which  the  last  salt  is  obtained  :  on  evaporation 
and  cooling,  it  is  deposited  in  the  state  of  a  white  powder* 
having  a  taste  somewhat  bitter  and  styptic.  It  is  soluble 
in  about  200  parts  of  cold  water,  and  in  a  much  less  quan- 
tity of  boiling  water.  It  is  also  sparingly  soluble  in  alko- 
hol, but  more  abundantly  if  the  temperature  be  raised.  It 
is  decomposed  by  heat,  and,  like  the  other  camphorates, 
burns  with  a  blue  flame. 


Camphor  is  not  only  a  native  production  it  has  been 
discovered,  that  it  is  capable  of  being  artificially  formed. 
This  rather  singular  fact  occurred  to  a  Mr  Kand,  a  Ger- 
man chemist,  in  forming  a  medicinal  preparation,  bypass- 
ing muriatic  acid  gas  through  oil  of  turpentine.  "  The  oil 
acquired  at  first  a  yellow  colour,  a-fterwards  a  pale  brown 
colour,  which,  towards  the  end,  turned  to  a  deep  brown. 
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After  cooling,  the  liquor  ^'as  almost  wholly  coagulated  in- 
to a  crystalline  mass,  which  in  every  respect  comported  it- 
self like  camphor."  The  agency  of  the  muriatic  acid  m 
giving  rise  to  this  result,  he  supposes  to  depend  on  its 
great  tendency  to  combine  with  water,  in  consequence  or 
which  it  determined  the  union  of  the  principles  of  this  li- 
quid (oxygen  and  hydrogen)  in  the  oil,  so  that  the  carbon 
became  predominant.  He  farther  observes,  that  though  a 
similar  production  of  camphor  had  not  been  before  noti- 
ced, yet  Meyer  speaks  of  a  concretion  of  a  camphoric  na- 
ture, formed  in  oil  of  turpentine,  digested  with  dry  cau- 
stic salt  •,  and  TrommsdorfF  observed  a  formation  of  cam- 
phor, on  distilling  essential  oils  on  lime  ;  and  in  both  cases, 
the  same  cause  may  be  supposed  to  have  operated. 

TrommsdorfF  repeated  Kind's  experiment,  and  obtained 
similar  results.  A  concrete  matter  was  procured,  which, 
when  dry,  was  white  and  semi-transparent :  its  odour  was 
strong,  and  analogous  to  that  of  camphor,  though  injured 
by  that  of  the  turpentine.  When  heated,  it  was  volatili- 
zed, with  a  strong  smell  of  camphor,  and  without  any  re- 
siduum :  in  close  vessels  it  sublimed  :  in  the  open  air  its 
vapour  inflamed.  It  was  dissolved  entirely  by  alkohol,  and 
was  precipitated  unaltered  by  water.  It  dissolved  with 
facility  in  almond  oil.  Concentrated  nitric  acid  efFected 
its  .solution,  at  first  calmly,  but  afterwards  with  a  disen- 
gagement of  nitric  oxide  gas.  The  mixture  became  turbid 
by  the.  addition  of  water,  but  did  not  deposite  camphor, — 
the  only  circumstance  attending  these  experiments  in 
which  this  .substance  differed  from  common  camphor,  and 
which  Trommsdorff  supposed  might  be  owing  to  the  pre- 
sence of  a  little  muriatic  acid,  or  oil  of  turpentine. 
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These  experiment?  were  repeated  by  BouUay,  in  con- 
junction with  Cluzel  and  Chomet,  from  whose  memoir  * 
the  above  account  is  taken ;  and  they  added  a  number  of 
facts  connected  with  this  artificial  formation  of  camphor. 

From  four  pounds  of  oil  of  turpentine,  put  into  the  first 
bottle  of  Woolfe's  apparatus,  and  submitted  to  the  action 
of  the  quantity  of  muriatic  acid  gas  transmitted  through 
it,  disengaged  from  four  pounds  of  sea-salt  and  two  pounds 
of  sulphuric  acid  mixed  in  a  retort,  they  obtained,  at  the 
end  of  the  experiment,  which  exhibited  the  same  pheno- 
mena as  had  been  described  by  Kind,  twenty  ounces  of  a 
crystalline  matter.  When  the  brownish  liquid  which  had 
been  withdrawn  from  this  matter  had  stood  several  days, 
four  ounces  more  were  deposited  ;  and  on  exposing  the 
remaining  liquid  to  intense  cold,  two  ounces  more  were 
obtained,  thus  affording,  on  the  whole,  seven  ounces  and 
a  half  of  this  matter  for  each  pound  of  oil  of  turpentine 
employed.  When  the  proportion  of  muriatic  acid  gas 
transmitted  through  the  oil  was  increased,  the  precipita- 
tion of  the  crystalline  matter  took  place  in  nearly  the  same 
quantity. 

This  matter,  washed  in  distilled  water,  became  of  a 
beautiful  white  colour  :  it  gave  no  signs  of  acidity,  but 
had  an  odour  of  turpentine.  When  washed  with  water 
having  dissolved  in  it  carbonate  of  potassa,  it  lost  much  of 
this  odour.  When  mixed  with  an  equal  weight  of  char- 
coal powder,  of  quicklime,  or  of  dry  argil,  and  sublimed, 
in  each  of  these  processes,  a  mass  was  obtained  in  the  ca- 
pital, composed  of  needle-formed  crystals  in  groupes. 


*  Nicholson's  Journal,  vol:  x.  p.  132. 
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Thus  putrified,  it  h.id  lost  the  odour  of  oil  of  turpentine  : 
that  which  it  retained  was  analogous  to  tiiat  of  common 
camphor,  but  not  so  strong.  It  swims  on  water,  and  com- 
municates to  it  its  taste  :  it  is  completely  dissolved  in  alko- 
hol,  from  which  it  is  separated  by  water  unaltered. 

So  far  in  its  properties  it  is  the  same  with  natural  cam- 
phor :  in  others,  however,  it  is  somewhat  different.  Ni- 
tric acid  diluted,  which  dissolved  common  camphor  readi- 
ly, had  no  effect  on  it.  The  concentrated  acid  had  at  first 
no  action  on  it ;  but,  after  a  few  seconds,  a  solution  is  ef- 
fected, nitric  oxide  gas  being  disengaged  ;  while  the  same 
acid  dissolved  common  camphor,  diffusing  white  vapours. 
Neither  did  acetic  acid,  which  readily  dissolves  common 
camphor,  act  upon  this  artificial  substance  in  the  cold.  On 
applying  heat,  it  softened,  and  seemed  to  dissolve  it ;  but, 
on  cooling,  it  was  collected  on  the  surface  of  the  acid,  with, 
its  properties  unaltered. 

When  the  similarity  of  this  product  in  so  many  other 
properties  to  camphor  is  considered,  these  differences  are 
perhaps  not  sufficient  to  invalidate  the  conclusion,  that  it 
may  be  regarded  as  a  variety  of  this  principle. 

The  French  chemists  found,  that  when  oil  of  turpen- 
tine was  kept  for  three  days  in  a  sand-bath,  the  tempera- 
ture of  which  was  about  120°,  a  very  light  and  volatile  oil 
was  condensed  in  the  receiver,  and  in  the  capital  many 
small  crystallizations  of  true  camphor;  but  they  conclude, 
that  although  this  appears  to  prove,  that  a  quantify  of  cam- 
phor exists  in  this  oil,  yet  it  could  not  have  contained  so 
large  a  quantity  as  that  obtained  by  the  action  of  muriatic 
acid  gas  on  the  oil ;  part  at  least,  therefore,  of  which  must 
Jiave  been  formed  during  the  process.  They  farther  found. 
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that  the  other  volatile  oils  afForded  no  camphor  when  sub- 
jected to  the  action  of  the  muriatic  acid  gas. 

The  liquid  which  is  produced  along  with  the  camphor 
appears,  from  their  experiments,  to  contain  a  quantity  of 
oil  soluble  in  alkohol  and  ether,  and  of  muriatic  acid. 


SECT.  xn. 

OF  RESIN'. 

The  principle  to  which  this  name  is  given,  exists  abun- 
dantly in  the  vegetable  kingdom,  and  is  one  of  those  proxi- 
mate principles,  the  characters  of  which  are  most  distinct 
and  obvious,  and  which  has  been  therefore  longest  known. 
It  is  often  in  combination  with  sonne  of  the  other  princi- 
ples, particularly  with  gum,  essential  oil,  and  extract. 
But  there  are  also  vegetables  which  exude  juices  that  con- 
crete into  a  matter  entirely  resinous,  and  it  is  from  these 
that  the  characters  of  the  species  are  taken.  The  essen- 
tial characters  are  existing  in  the  solid  form,  being  insolu- 
ble in  water,  but  perfectly  soluble  in  alkohol,  and  in  essen- 
tial and  expressed  oils,  and  being  incapable  of  bein^  vo- 
Iatili2ed  without  decomposition. 

The  resinous  juices  obtained,  either  by  spontaneous  ex- 
udation, or  from  incisions  in  the  vegetables  affording  them, 
contain  a  portion  of  essential  oil,  which,  from  exposure 
to  the  air,  is  either  volatilized,  or  changed  so  as  to  be  con- 
verted into  resinous  matter,  or  sometimes  the  oil  is  ab- 
stracted by  distillation.    In  some  plants,  the  concrete  re- 
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sin  is  deposited  in  the  interstices  of  the  wood,  or  other 
parts  of  the  plant.  When  combined  with  gum  or  extract, 
it  can  only  be  separated  by  a  chemical  process  i  and  the 
usual  one  is,  to  dissolve  the  resinous  matter  by  alkohol, 
and  precipitate  it  from  this  solution  by  the  affusion  of  wa- 
ter. 

Resins  when  concrete,  are  brittle,  and  have  generally  a 
smooth  and  conchoidal  fracture  ;  their  lustre  is  peculiar  ; 
they  are  more  or  less  transparent,  and  of  a  colour  which 
is  usually  some  shade  of  yellow  or  brown.  Their  speci- 
fic gravity  is  rather  greater  than  that  of  water :  they  are 
often  odorous  and  sapid,  though  neither  of  these  qualities 
is  essential  to  a  resin,  and  some  are  insipid  and  inodorous. 

Resins  are  fusible,  and  melt  from  a  very  moderate  heat. 
When  cooled  they  become  solid,  without  any  change  in 
their  properties.  They  are  not  volatile  :  for  although 
when  strongly  heated,  a  vapour  arises  from  them,  this  is 
either  from  a  portion  of  volatile  oil  which  has  adijered  to 
the  resinous  matter,  or  is  the  result  of  decomposition. 
When  the  heat  rises  nearly  to  ignition,  this  vapour  takes 
fire,  and  the  resins  themselves  are  all  inflammable.  They 
afford  in  their  combustion,  water,  carbonic  acid,  and  a 
very  dense  smoke  which  condenses  into  a  fine  charcoal. 
When  subjected  to  decomposition  by  heat  in  close  vessels, 
they  afford  water,  a  portion  of  acid,  carburetted  hydrogen 
and  carbonic  acid  gases,  and  a  residuum  of  charcoal.  They 
appear  therefore  to  be  compounds  of  carbon,  hydrogen, 
and  oxygen  ;  and  differ  from  the  volatile  oils  in  containing 
less  hydrogen.  These  oils  appear  to  be  convertible  into 
them  by  long  exposure  to  the  atmosphere,  but  it  is  not 
very  evident  whether  this  is  owing  to  the  oxygen  combin- 
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ing  with  the  entire  principles  of  the  oil,  or  only  with  its 
Ijydrogen,  forming  water,  and  leaving  the  oil  of  course 
with  an  enlarged  proportion  of  carbon  and  oxygen. 

All  these  substances  are  insoluble  in  water,  and  are  not 
affected  by  this  fluid.  Neither  do  they  suffer  any  altera- 
tion from  exposure  to  the  air ;  hence  from  both  qualities, 
they  are  used  as  the  basis  of  varnishes,  with  which  the 
surfaces  of  substances  are  covered,  that  require  to  be  pro* 
tected  from  the  action  of  air  and  humidity. 

Resins  are  soluble  in  alkohol;  some  of  them,  however, 
more  sparingly  than  others.  Those  which  are  most  dif- 
ficultly soluble,  have  their  solubility  promoted  by  the  ad- 
dition of  camphor.  Their  solutions  are  decomposed  by 
the  addition  of  water,  and  the  resinous  matter  precipitat- 
ed.   They  are  soluble  likewise  in  ether,  and  in  volatile 

and  expressed  oils :  and  camphor  exerts  a  marked  action 
« 

on  them ;  when  beat  with  any  resin  or  gum-resin,  it  ren- 
ders it  soft  and  nearly  liquid. 

From  the  experiments  of  Mr  Hatchet  it  appears;,  that 
resins  combine  with  the  alkalis.  In  examining  the  sub- 
stance known  by  the  name  of  Lac  *,  and  which  consists 
principally  of  resin,  with  smaller  portions  of  wax,  gluten, 
and  colouring  matter,  he  found,  that  it  was  completely 
soluble  in  solutions  of  potassa  and  soda,  forming  sapona- 
ceous compounds,  which  are  decomposed  by  acids,  and 
the  resin  again  precipitated.  And  by  farther  experiments 
he  found,  that  other  resins  are  dissolved  likewise  by  the 
alkalis.  Facts  of  this  kind  had  even  been  known  to  the 
older  chemists  :  thus  copal,  which  of  all  the  resins  seems 


*  l^hilosophical  Trans>ictions,  1801'. 
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to  be  least  easily  acted  on,  was  known  to  be  perfectly  dis* 
solved  by  pure  alkalis,  the  solution  being  precipitated  by 
acids  *.  These  alkaline  solutions  may  even  serve  as  var- 
nishes, and  in  the  composition  of  pigments.  The  alka- 
line carbonates,  and  even  salts,  having  a  slight  excess  of 
alkali,  as  common  borax,  exert  a  similar  action,  only  less 
energetic.  The  solvent  action  of  ammonia  on  the  resins, 
is  not  so  complete  as  that  of  the  fixed  alkalis. 

Resins  are  also  soluble  in  some  of  the  acids,  and  by 
others  are  decomposed.  On  this  subject  the  most  accu- 
rate information  is  to  be  derived  from  Mr  Hatchet's  ex- 
periments f.  Concentrated  sulphuric  acid  poured  on  any 
resin  in  powder,  dissolved  it,  he  found,  in  a  few  minutes  ; 
the  splutipn  being  transparent,  of  a  yellowish  brown  co- 
lour, and  an  oily  appearance.  Though  the  resin  appears 
at  first  to  be  merely  dissolved,  this  is  not  permanent ;  pro- 
gressive alterations  taking  place  in  the  dissolved  matter: 
the  principal  product  of  these  changes  in  a  certain  stage 
of  the  process,  is  a  substance  which  has  almost  all  the 
characteristic  propertiels  of  the  vegetable  principle  named 
Tannin  this,  too,  is  changed  by  the  contiimed  action  of 
the  acid,  and  is  ultimately  converted  into  charcoal. 

Nitric  acid  also  acts  on  resins  ;  but  the  nature  of  its 
action,  it  is  observed  by  Mr  Hatchet,  appears  to  be  con- 
versely that  of  sulphuric  acid  :  with  the  latter  acid,  solu- 
tion precedes  decomposition  ;  but  with  nitric  acid  decom- 
position to  a  certain  degree  precedes  solution  :  for  it  at 
first  converts  the  resins  into  a  pale  orange  coloured,  brittle, 
porous  substance,  then  into  a  product  which  apparently 


*  Materia  Mcdica  Bergii,  p.  899. 
t  Philosophical  Transactions,  180i,  1805,  1806. 
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possesses  the  intermediate  characters  of  vegetable  extrac- 
tive matter  and  of  resin  j  and,  lastly,  into  a  variety  of  the 
tanning  substance  j  different  proportions  of  this  being  af- 
forded by  different  resins. 

There  is  one  acid,  however,  which  appears  to  be  a  di- 
rect solvent  of  resins,  without  materially  altering  their 
composition, — the  acetic  acid.  Mr  Hatchet  observed  its 
solvent  power,  in  his  analysis  of  lac ;  the  whole  of  the  re- 
3in  of  that  substance  being  dissolved  by  it,  with  the  as- 
sistance of  heat,  a  portion  being  deposited  as  the  liquid 
cooled,  but  a  part  still  remaining  dissolved,  which  was  af- 
terwards precipitated  by  water. 

A  number  of  resinous  substances  are  met  with  in  com- 
merce, being  used  in  medicine  or  the  arts  ;  such  as  copal, 
sandarach,  mastic,  dragon's  blood,  elemi,  and  the  resins 
obtained  from  the  juices  of  the  different  species  of  pine. 
These,  though  a  general  analogy  exists  among  them,  still 
differ  somewhat  in  their  chemical  properties,  so  as  to  lead 
them  to  be  regarded  as  varieties  of  one  chemical  species. 
They  hence  require  some  separate  notice. 

The  juice  of  different  species  of  Pine  consists  principal- 
ly of  essential  oil  and  resin  ;  and  in  different  states  of  pre- 
paration give  rise  to  the  varieties  of  Turpentine,  Resin,  Tar, 
and  Pitch  *.  The  native  juices  of  these  trees,  obtain- 
ed from  incisions  in  the  trunk  or  branches,  have  received 
the  common  name  of  turpentine.  "What  is  named  Com- 
mon Turpentine,  is  procured  from  the  Pinus  sylvestris ; 
the  Venice  turpentine,  which  is  thinner,  and  contains  more 
essential  oil,  is  from  the  Pinus  larix  ;  the  Strasburg  tur- 


*  Journal  de  Physique,  torn.  xxxi.  p.  337. 
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pentine  is  t!)e  produce  of  the  Pinus  pica:a  :  Canadian  Bal- 
sam is  a  still  finer  turpentine  obtaijied  from  the  Pinus  bal- 
samea.  When  these  turpentines  are  submitted  to  distil- 
lation with  the  addition  of  a  portion  of  water,  the  essen- 
tial oil  distils  over,  forming  the  oil  of  turpentine  of  com- 
merce. The  resinous  matter  of  the  juice  remains,  and  is 
the  common  or  yellow  rosin  of  the  shops.  When  the 
juice,  is  melted  from  the  wood  of  the  tree,  by  the  applica- 
tion of  heat,  it  undergoes  some  decomposition  ;  the  wood 
also  is  charred,  and  hence  the  product  is  a  dark-coloured 
resinous  liquid,  consisting  principally  of  empyreumatic 
oil,  resin,  and  acetic  acid.  This  constitutes  Tar.  This, 
when  inspissated  by  boiling,  forms  jPitch. 

Sandarach  is  the  produce  of  the  Juniperus  communis, 
being  secreted  and  deposited  beneath  the  bark,  or  exuding 
through  it.  It  is  in  small  round  fragments,  of  a  yellowish 
colour,  semi-transparent,  and  brittle,  having  a  very  slight 
odour,  and  scarcely  any  taste.  It  is  entirely  soluble  in  al- 
kohol,  and  is  used  in  the  composition  of  some  of  the  spirit 
varnishes.  Mr  Nicholson  remarks,  that  it  is  not  soluble 
■  in  oil  or  melted  tallow,  in  which  it  differs  from  resins  *. 

Mastich  is  the  produce  of  the  Pistacia  lentiscus,  by  ex- 
udation :  it  is  in  small  rounded  masses,  of  a  yellowish  co- 
lour, semi-transparent ;  has  scarcely  any  taste,  and  its  smell 
is  perceptible  only  when  it  is  heated.  It  is  soluble  in  ai- 
kohol,  but  not  entirely.  Mr  Mathews  found,  that  nearly 
a  fifth  part  of  it  remains  undissolved  :  this  residual  matter, 
after  repeated  washings  with  alkohol,  was  white,  consider- 
ably elastic,  adhesive,  and  inflammable.    It  had  the  ap- 

*  Nicholsor.'s  Journal,  vol,  x.  p.  217, 
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pearance  of  caoutchouc,  and,  from  some  comparative  ex- 
periments, appeared  to  have  nearly  the  same  chemical  pro- 
perties. Mr  Brande  has  remarked,  that  it  differs  from  it, 
in  becoming  hard  when  dried,  by  exposure  to  the  air. 

Copal  is  a  resin  possessed  of  some  peculiar  properties, 
and  valuable,  as  serving  to  form  the  finest  varnishes.  It 
is  the  produce  of  the  Rhus  copallinum,  a  native  of  Mexi- 
co :  it  appears  to  have  exuded  from  the  stem  or  branches 
in  a  liquid  or  soft  state,  and  to  have  afterwards  become 
concrete.  It  is  in  large  fragments,  smooth  and  brittle, 
transparent,  or  nearly  so,  witbout  colour,  or  having  only  a 
slight  tinge  of  yellow  :  its  taste  is  weak,  and  it  has  scarce- 
ly any  smell :  when  chewed,  it  does  not  become  tough,  as 
mastich  does.  Like  the  other  resins,  it  is  fusible,  inflam- 
mable, and  insoluble  in  water.  The  property  in  which  it 
differs  from  the  greater  number  of  them  is  its  very  sparing 
solubility  in  alkohol :  when  digested  in  that  fluid,  with  the 
assistance  of  heat,  part  of  it  assumes  the  appearance  of  an 
opaque,  soft,  viscous  mass  ;  a  small  portion  only  is  dis- 
solved, and  the  greater  part  of  this  subsides  as  the  liquid 
cools.  Camphorated  alkohol,  Bcrgius  states,  dissolves  the 
greater  part  of  it ;  and  a  perfect  solution  is  obtained,  he 
remarks,  when  camphor  and  copal  are  put  together  into  al- 
kohol, owing,  no  doubt,  to  the  peculiar  action  which  cam- 
phor exerts  on  all  the  resins.  It  is  not  soluble  by  diges- 
tion in  expressed  oils  ;  but  it  is  stated  by  Bergius,  that  if 
it  be  previously  melted,  and  the  oil  be  dropt  on  it,  it  is 
completely  dissolved  both  by  fixed  and  volatile  oils.  By 
oil  of  turpentine,  he  adds,  it  is  converted  into  a  soft  viscid- 
like  substance  ;  and  if  the  oil  be  old,  it  acts  more  power- 
-i'uliy  on  the  .copal  than  when  recoht.   Other  oils,  as  thos^? 
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of  tosemary  and  lavender,  dissolve  it  even  in  the  cold. 
And  as  these  three  oils,  especially  when  long  kept,  appeaf 
generally  to  contain  camphor,  it  is  probable  that  it  may 
promote  the  solution  of  the  copal, 

Elemi  is  a  resin  little  used.  It  is  the  produce  of  the 
Amyris  elemifera ;  is  in  large  solid  masses,  of  a  variegated 
greenish  colour,  and  semi-transparent ;  having  an  odour 
stronger  than  some  of  the  other  resins,  and  a  taste  which 
is  bitter.  It  is  fusible,  inflammable,  soluble  in  alkohol, 
and  partially  soluble  in  expressed  and  essential  oils.  It 
appears  to  contain  volatile  oil  in  combination  with  resin, 
fls  a  small  quantity  is  obtained  from  it  by  distillation. 

Animi,  the  produce  of  the  Hyraenaea  courbaril,  is  a  resin 
which,  in  its  external  appearance,  has  a  very  strong  re- 
semblance to  copalt  and  is  often  sold  for  it,  or  mixed  Vith 
the  real  copal :  it  is  distinguished  principally  by  having 
niore  of  a  yellow  tinge,  by  becoming  somewhat  ductile 
when  masticated,  and  by  being  more  easily  soluble  in  al- 
kohol, and  in  essential  or  expressed  oils. 

The  resin,  which  has  received  the  absurd  name  of  Dra- 
gon's Blood,  is  obtained  from  the  Pterocarpus  draco,  ex* 
uding  from  incisions  made  in  the  bark,  and  also  from  some 
other  plants.  It  is  in  masses,  of  a  red  colour,  and  varie- 
gated texture,  opaque,  hard,  and  friable  without  taste  ot 
smell.  It  is  fusible,  inflammable,  ind  soluble  in  alkohol, 
communicating  to  it  a  deep  red  colour. 

The  substance  known  by  the  name  of  Lac  is  produced 
by  an  insect,  which  deposites  it  on  the  branches  of  certain 
trees  in  India,  formed  into  cells,  which  appear  designed  as 
an  envelope  for  its  young.  It  is  imported  into  Europe  in 
different  states,— stick  lac,  which  is  the  substance  in  its  na- 
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tural  state  ;  seed  lac,  in  which  it  is  reduced  into  small 
fragments  or  grains  by  pounding,  and  from  which  part  of 
the  colouring  matter  appears  to  have  been  extracted  by 
boiling  i  and  shell  lac,  which  is  prepared  from  the  natural 
lac,  by  liquefying,  straining,  and  forming  in  into  thin  plates, 
and  which  contains  least  of  the  colouring  matter.  The 
lac,  freed  from  the  insect  often  involved  in  it,  has  all  the 
characters  of  vegetable  matter,  and  is  probably  not  form- 
ed, but  deposited  by  the  animal  which  produces  it  i  and 
Mr  Kerr,  who  has  given  sotne  account  of  its  natural  his- 
tory *,  has  remarked,  that  "  as  a  red  substance  is  obtained 
by  incision  from  the  plaso-tree  very  analogous  to  lac,  it  is 
probable,  that  the  insects  have  little  trouble  in  animalizing 
the  sap  of  these  trees  in  the  formation  of  their  cells."  It 
was  always  evident,  from  the  chemical  nature  of  this  sub- 
stance, that  it  was  of  a  resinous  nature  y  and  its  analysis 
has  lately  been  executed  by  Mr  Hatchet  f.  He  has  found 
it  to  consist  principally  of  resin,  with  colouring  extract, 
vegetable  gluten,  and  wax  ;  the  different  varieties  giving 
the  following  proportions  : 


Resin. 

Extract. 

Wax. 

Gluten: 

SHck  lac, 

68 

10 

6 

5.5 

Seed  lac, 

88.5 

2.5 

4.5 

2 

Shell  lac, 

90.9 

0.5 

4 

2.8 

The  principal  qualities  of  the  he  are  of  course  derived 
from  the  resin,  its  chief  constituent  part.    Alkohol  dis- 


*  Philosophical  Transactiqns,  1781,  p.  229, 
t  Ibid.  1801. 
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bolves  this,  forming  in  the  cold  a  transparent  solution ;  but 
if  heated,  the  solution  is  turbid,  from  some  of  the  other 
principles  beieg  dissolved.  Ether  acts  less  powerfully  on 
it.  Water  acquires  from  the  different  varieties  of  lac  a 
crimson  colour,  more  or  less  deep,  according  to  the  pro- 
portion of  colouring  matter  they  contain.  The  stronger 
acids,  as  the  sulphuric  and  nitric,  decompose  it.  Muriatic 
acid  dissolves  its  colouring  matter,  and  gluten  ;  acetic  acid 
dissolves  the  whole  of  it,  except  the  wax.  The  alkalis  and 
alkaline  carbonates  dissolve  it,  forming  saponaceous  solu- 
tions j  and  it  is  also  rendered  soluble  by  borax.  Lac  is 
used  in  dyeing,  and  the  pfeparation  of  paints  ;  a  solution 
of  it  in  water,  by  the  medium  of  borax,  is  the  basis  of  the 
Hindoo  ink,  and  maybe  used  as  a  varnish.  It  enters  in- 
to the  composition  of  the  common  spirit  varnishes,  and  is 
employed  in  the  formation  of  sealing  wax. 

Besides  the  substances  now  described,  which  are  near- 
ly or  perfectly  pure  resins,  resinous  matter  exists  in  com- 
bination with  other  proximate  principles  of  vegetables,  and 
is  also  contained  in  the  leaves,  bark,  and  other  parts  of 
many  plants.  The  medicinal  powers  of  a  number  of  the 
most  important  articles  of  the  Materia  Medica  depends  on 
a  resinous  principle  in  these  states. 

The  principal  use  of  the  resins,  it  has  been  observed  in 
their  description,  is  in  the  formation  of  varnishes ;  and 
these  are  generally  composed  of  more  than  one  resin  in  a 
state  of  solution.  They  are  named  Oil  or  Spirit  Varnish- 
es, according  as  oil  or  spirit  is  the  solvent.  The  oil  m.iy 
be  either  expressed  or  volatile.  Of  the  former,  the  dry- 
ing linseed  oil  is  what  is  generally  employed  ;  of  the  lat- 
ter, oil  of  turpentine.    A  varnish  with  the  first  is  prepar- 
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ed  by  boiling  the  finer  kind  of  common  resin  with  a  por- 
tion,of  mastich  in  linseed  oil ;  and  to  this  a  portion  of  oil 
of  turpentine  is  usually  added,  which  accelerates  the  drying 
of  the  varnish.  Copal  is  also  frequently  used  in  the  compo- 
sition of  these  fat  varnishes.  These  solutions  of  copal  or  mas- 
tich have  been  particularly  recommended  for  mixing  with 
colours  to  be  used  in  painting,  the  tints  of  colour  being  less 
injured,  retaining  their  brilliancy  longer,  and  not  being  so 
liable  to  be  acted  on  by  any  solvent,  as  when  the  colours 
are  mixed  merely  with  the  drying  oils  *.    Varnish  with 
oil  of  turpentine  alone  is  prepared  by  dissolving  in  this  oil 
the  requisite  proportion  of  mastich.    If  a  finer  varnish  of 
this  kind  is  required,  it  is  formed  from  copal  i  but  it  has 
always  been  found  difficult  to  dissolve  the  copal  complete- 
ly in  the  oil.   Different  methods  have  been  proposed  j  that 
by  the  medium  of  camphor,  which,  as  has  already  been  re- 
marked, renders  copal  soluble,  appears  to  be  the  best. 
This  varnish  is  colourless  and  durable,  and  answers  well 
for  varnishing  pictures.    The  method  of  preparing  it  has 
been  given  by  Mr  Sheldrake  *  :  half  an  ounce  of  camphor 
being  dissolved  in  a  quart  of  oil  of  turpentine,  and  a  piece 
of  copal  the  size  of  a  large  walnut  being  reduced  to  coarse 
powder,  and  put  into  it,  in  a  tin  bottle  capable  of  holding 
two  quarts,  having  a  long  neck,  with  a  cork  fitted  to  the 
mouth,  in  which  there  is  a  notch  or  small  hole  to  allow 
of  the  escape  of  the  vapour  when  the  oil  is  volatilized  by 
heat.  The  heat  is  applied  so  as  to  make  the  oil  boil  quick- 
ly, and  it  is  kept  boiling  gently  for  about  an  hour,  when 


*  Nicholson's  Journal,  8vo^  vol.  i:  p.  259. 
f  Ibid.  vol.  ix.  p.  157. 


M6  of  resin. 

so  much  of  the  copal  will  be  dissolved  as  to  form  a  pro- 
per varnish.    Mr  Sheldrake  likewise  found,  that  copal 
might  be  dissolved  in  oil  of  turpentine  by  the  medium  of 
ammonia*  j  but  he  prefers  the  camphor.  Spirit  varnislies 
have  the  advantage  over  oil  varnishes,  of  drying  more 
speedily,  but  they  are  liable  to  split,  and  scale  off.  The 
alkohol  used  requires  to  be  highly  rectified :  the  resins 
usually  employed  are  mastichi  sandarach,  lac,  and  copal  *, 
and  some  of  these  are  frequently  mixed.    A  colourless 
varnish  is  obtained,  by  dissolving  mastich  or  sandarach 
either  alone  or  mixed  in  alkohol ;  a  portion  of  turpentine 
being  often  added,  to  render  the  varnish  less  brittle.  The 
solution  of  copal,  however,  is  preferable,  as  being  perfect- 
ly colourless  5  but  there  is  with  regard  to  it  the  same  diffi- 
culty of  dissolving  it  in  alkohol  as  in  essential  oils ;  and 
to  promote  its  solution,  camphor  is  in  this  case  also  the 
best  medium.    The  recipe  for  this  varnish  has  been  thus 
given  by  Mr  Sheldrake  :  *•  Dissolve  half  an  ounce  of  cam- 
phor in  a  pint  of  alkohol ;  put  it  in  a  circulating  glass,  and 
add  four  ounces  of  copal  in  small  pieces ;  set  it  in  a  sand 
heat,  so  regulated,  that  the  bubbles  may  be  counted  as  they 
rise  from  the  bottom  ;  and  continue  the  same  heat  till  the 
solution  is  completed  f Lac  forms  a  varnish  which  is 
always  coloured,  and  is  hence  used  only  in  those  cases 
where  the  colour  is  of  no  importance,  or  is  even  of  advan- 
tage, as  in  lackering  brass,  or  in  laying  on  a  coloured 
ground.    Amber  is  sometimes  used  with  a  similar  view. 
A  number  of  recipes  for  approved  varnishes  and  lacquers, 


*  Nicholson's  Journal,  8vo,  vol.  ix.  p.  Ifti. 
f  Ibid.  Ito.  vol.  iii.  p.  447. 
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are  given  under  the  article  VarnisH,  in  Aikin's  Chemical 
Dictionary. 

From  the  combination  of  lac  with  what  is  named  Ve- 
nice Turpentine,  sealing  wax  is  formed.  Four  parts  of  lac 
3re  said  to  be  melted  with  two  of  turpentine,  and  two  of 
resin  ;  and  the  composition  is  coloured  red  by  the  addition 
of  one  part  of  cinnabar  and  one  of  red  lead,  or  black,  by 
the  addition  of  lamp-black. 


There  exists  in  many  vegetables,  a  natural  and  intimate 
combination  of  resin  with  gum,  forming  what  has  been 
named  Gum  Resin,  and  which  some  have  classed  as  a 
distinct  proximate  principle.  The  proximate  principles  of 
vegetables,  however,  are  those  substances  formed  imme- 
diately from  the  combination  of  the  ultimate  elements  ; 
they  are  specific  and  determinate  in  their  composition  ^ 
and  native  mixtures,  or  combinations  of  them  with  each 
other,  cannot  be  placed  as  distinct  principles,  though  such 
substances  may  be  entitled  to  notice,  as  articles  of  natural 
history,  or  as  of  impprtance  in  medicine  or  the  arts. 

A  number  of  medicinal  substances  are  gum  resins, — 
such  are  aloes,  ammoniac,  assafoetida,  euphorbium,  galba- 
num,  gamboge,  myrih,  sagapenum,  and  scammony.  They 
are  all  solid,  generally  brittle  and  opaque  ;  they  have  fre- 
quently a  strong  smell,  and  a  pungent  or  bitter  taste.  They 
appear  to  consist  of  various  proportions  of  resin  and  gum  j 
tlie  gummy  matter  predominating  in  some,  as  in  aloes  ; 
the  resinous  in  others,  as  in  myrrh.  Their  properties  afe 
derived  from  those  of  the  two  immediate  principles  of 
which  they  consist.    Thus  they  are  only  partially  soluble 
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in  alkohol  or  in  water ;  the  former  dissolving  principally 
the  resin,  the  latter  principally  the  gum  :  but  in  each  case, 
part  of  the  one  principle  appears  also  to  be  dissolved  by 
the  medium  of  the  other  ;  probably  in  consequence  of 
their  mutual  affinity.    They  are  almost  all  entirely  solu- 
ble in  diluted  alkohol,  consisting  of  equal  parts  of  alkohol 
and  water    and  many  of  the  tinctures  of  the  shops,  are  so- 
lutions of  this  kind.    By  trituration  with  water,  they  ge- 
nerally form  milky  mixtures  ;  the  resin  being  suspended 
by  the  medium  of  the  gum  :  and  on  standing,  a  great  part 
of  the  resin  is  deposited.    According  to  Hatchet's  experi- 
ments, these  substances,  at  least  those  of  them  which  he 
tried,  are  soluble  in  alkaline  liquors  :  the  changes  they,  suf- 
fer from  the  acids,  are  not  precisely  the  same  as  the  re- 
sins ;  they  are  decomposed,  but  they  appear  to  be  less  sus- 
ceptible of  affording  artificial  tannin  ;  a  number  of  them 
not  affording  it  from  the  action  either  of  sulphuric  or  ni- 
tric acid,  and  others  giving  only  small  quantities.  This 
is  probably  owing  to  the  predominance  of  gum,  or  of  a 
matter  analogous  to  it,  in  their  composition  ;  as  this  prin- 
ciple appears  from  Hatchet's  experiments  to  be  less  easi- 
ly convertible  into  tannin  than  resin  is  :  it  affords  rather 
oxalic  acid  :  and  Fourcroy  has  remarked,  that  this  acid  is 
produced  by  the  action  of  nitric  acid  on  gum  resins. 

The  gum  resins  are  not  fusible,  but  when  heated  soft- 
en, and,  if  the  heat  is  raised  sufBciently  high,  are  decom- 
posed. It  has  been  observed,  that  in  destructive  distilla- 
tion they  afford  ammonia,  with  the  usual  products  of  ve- 
getable matter. 

The  consideration  of  the  different  gum  resins,  belongs 
rather  to  materia  medica  or  pharmacy,  than  to  chemistry. 
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The  medicinal  powers  of  many  vegetables,  appear  to  der 
pend  on  such  combinations. 


>  GuAiAC,  a  substance  obtained  by  spontaneous  exudation 
from  the  Guaiacum  ofFicinale,  has  been  usually  consider- 
ed as  a  gum  resin,  containing  a  large  proportion  of  resin. 
From  Mr  Brande's  experiments  *,  however,  it  appears  to 
possess  some  chemical  properties,  indicating  a  peculiarity 
of  composition,  different  from  that  either  of  resin,  gum 
resin,  or  any  of  the  analogous  vegetable  principles, 
t  Guaiac  is  concrete,  brittle,  and  resinous  in  its  appear- 
ance ;  it  is  of  a  grey  colour,  but  has  externally  a  greenish 
colour  ;  this  it  assumes  from  the  action  of  the  air :  for  its 
powder,  which  is  at  first  grey,  gradually  becomes  green- 
ish, from  exposure  :  it  also  assumes  the  same  colour  when 
confined  in  oxygen  gas  :  and  this  property  of  changing  its 
colour,  is  ore  character  which  discriminates  it  from  the 
resins.  When  digested  in  distilled  water  with  a  mode- 
rate heat,  a  small  portion  is  dissolved,  which,  from  Mr 
Brande's  experiments,  appears  to  be  extractive  matter, 
with  a  little  lime.  Alkohol  dissolves  it  with  facility,  leav- 
ing a  little  foreign  matter,  not  exceeding  5  parts  in  100, 
undissolved.  This  solution  is  rendered  milky  by  water  ; 
and  it  is  decomposed  by  different  acids,  with  phenomena 
that  are  peculiar.  Muriatic  acid  throws  down  an  ash-co- 
loured precipitate:  Liquid  oxymuriatic  acid,  one  of  a  very 
beautiful  pale  blue.  Sulphuric  acid,  when  not  added  in 
too  large  a  quantity,  separates  the  resin  of  a  pile  green 
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colour.    Nitric  acid,  diluted  with  one-fou*th  its  welghtt 
of  matter,  causes  no  precipitate  until  after  some  hours.. 
The  liquid  at  first  assumes  a  green  colour,  and  if  water- 
be  added,  a  green  precipitate  may  be  obtained  :  the  green i 
colour  soon  changes  to  blue,  when,  by  the  same  means,  a 
blue  precipitate  may  be  obtained  :  it  then  becomes  brown, 
and  a  brown  precipitate  spontaneously  makes  its  appear- 
ance.   Acetic  acid  does  not  form  any  precipitate  :  and  it 
has  already  been  observed,  that  this  acid  is  generally  a  sol- 
vent of  resinous  matter. 

The  changes  of  colour  in  the  solution  of  gualac  in  alko» 
hoi,  by  nitric  and  oxymuriatic  acids,  are  peculiar  to  it, 
and  are  highly  distinctive  ;  they  appear  to  be  connected 
with  changes  of  oxygenizement,  to  which  this  principle 
seems  liable,  and  which  are  marked  in  it  by  change  of  co- 
lour. 

The  acids  in  directly  acting  on  guaiac,  likewise  exhibit 
some  peculiar  phenomena.  Muriatic  acid  dissolves  a  small 
portion,  the  solution  assuming  a  deep  brown  colour :  but 
if  heat  be  applied,  the  resin  melts,  and  this  prevents  its 
further  solution.  Sulphuric  acid  forms  with  it  a  deep  red 
liquid,  which,  when  fresh  prepared,  deposites  a  lilac  co- 
loured precipitate  on  the  addition  of  water  :  if  heat  be  ap- 
plied, the  resin  is  decomposed  and  charred.  Nitric  acid 
exerts  a  more  powerful  action  on  guaiac,  than  on  any  of 
the  resins  •,  even  in  the  cold  the  powder  assumes  a  dark 
green  colour  :  there  is  a  violent  effervescence  from  the 
emission  of  nitric  oxide  gas,  and  the  whole  is  dissolved. 
This  solution,  when  recent,  gives  a  br-  wn  precipitate  with 
the  alkalis :  after  it  has  stood  for  some  hours  undisturbed, 
it  deposites  a  considerable  quantity  of  oxalic  acid.  When 
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the  guaiac  is  treated  with  diluted  nitric  acid,  the  results 
are  dilFerent ;  a  slight  effervescence  taices  place,  part  ot 
the  resin  is  dissolved,  and  the  remainder  is  converted  'u\f< 
to  a  brown  substance,  resembling  the  precipitate  from  the 
solution  in  alkohol.  This  brown  substance,  Mr  Brande 
supposes,  is  guaiac  altered  by  oxygen,  being  the  last  re- 
sult of  the  oxygenizement  of  the  guaiac.  It  possesses  th« 
properties  of  resin  in  greater  perfection  than  the  original, 
is  soluble  in  alkohol,  and  in  ether,  which  guaiac  is  very 
sparingly  ;  it  is  also  insoluble  in  water.  If  fresh  portions 
of  nitric  acid  be  added  to  it  three  or  four  times  successive- 
ly, it  loses  these  properties  j  becomes  equally  soluble  in  wa- 
ter and  alkohol,  and  acquires  an  astringent  bitter  taste, 
forming  probably  one  of  the  varieties  of  artificial  tannin. 

Guaiac  is  soluble  in  the  pure  alkalis,  and  in  the  alkaline 
carbonates,  forming  greenish  brown  liquids.  From  the 
solvent  powers  which  they  thus  exert  on  it,  they  do  not 
precipitate  it  from  its  solution  in  alkohol. 

Subjected  to  destructive  distillation,  it  gave  an  acidu- 
lated water,  a  thick  brown  oil,  a  thin  empyreumatic  pil  i 
charcoal  remaining  in  the  retort,  and  gases  consisting  chief- 
ly of  carbonic  acid  and  carburetted  hydrogen  being  extri- 
cated. The  charcoal  amounted  to  30.5  grains  from  100, 
jind  yielded,  on  incineration,  3  grains  of  lime. 

It  follows,  from  this  account  of  the  properties  of  guaiac, 
that  although  it  possesses  many  properties  in  common  with 
resinous  bodies,  it  differs  from  them  in  others  :  particularr 
ly  in  affording  extractive  matter;  in  the  singular  alterations 
which  it  suffers  when  subjected  to  the  action  of  bodies 
which  readily  communicate  oxygen  ;  In  being  capable,  by 
oxygenizement,  of  being  converted  into  a  more  perfect  re- 
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sin ;  in  yielding  oxalic  acid,  when  treat-^d  by  nitric  acid  j 
and'  in  the  large  quantity  of  charcoal  apd  lime  which  it 
yields  on  destructive  distillation, — differences  which,  as 
the  chemist  who  has  investigated  these  properties  remarks, 
probably  arise  from  certain  peculiarities  in  the  proportions 
and  ch.emical  combination  of  its  constituent  elementary 
principles. 


The  substances  which  have  been  named  Balsams,  con- 
sist principally  of  resin,  with  which  are  united  a  quantity 
of  the  peculiar  vegetable  acid  named  Ben2oic,  and  in  some 
of  them  a  portion  of  essential  oil.  The  same  remark  ap- 
plies to  them  as  to  the  gum  resins, — that  they  cannot  pro- 
perly be  regarded  as  constituting  a  distinct  proximate  prin- 
ciple of  vegetables,  since  they  are  rather  a  mixture  or  com- 
bination of  other  known  principles.  Some  chemists  indeed 
have  supposed,  that  the  benzoic  acid  which  they  afford 
does  not  previously  exist  in  them,  but  is  formed  in  the 
process  by  which  it  is  extracted.  This  opinion  was  ad- 
vanced by  Gren,  and  appears  to  be  adopted  by  Mr  Hat- 
chet, from  his  experiments  on  its  production,  when  the 
balsams  are  acted  on  by  sulphuric  acid.  But  the  various 
processes  by  which  it  is  procured,  are  unfavourable  to  this 
opinion.  It  is  separated  from  the  balsams  by  the  applica- 
tion of  heat,  by  boiling  or  even  macerating  them  with  wa- 
ter, or  with  alkaline  solutions,  or  digesting  them  with 
acids ;  and  it  is  not  very  probable,  that  agents  so  very  dif- 
ferent in  their  chemical  actions,  should,  in  this  particular 
instance,  give  rise  to  the  formation  of  precisely  the  same 
product.     The  action  of  some  of  them  too,  appears  atot 
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sufficiently  energetic,  to  be  capable  of  producing  such  an 
effect.  The  heat  that  requires  to  be  applied  to  volatilize 
the  acid  from  the  balsams,  is  extremely  moderate  ;  and  we 
have  no  example  in  which  water,  by  any  affinity  it  exerts, 
pauses  the  formation  of  a  new  principle.  It  appears  there- 
fore more  probable,  that  this  acid  pre-exists  in  the  bal- 
jjams,  and  that  it  is  extracted,  not  formed,  by  the  processes 
by  which  it  is  obtained  :  that  of  course  they  do  not  con- 
stitute an  immediate  principle  of  vegetable  matter,  but  are 
combinations  of  others. 

Their  chemical  properties  are  derived  from  the  princi- 
ples of  which  they  consist :  when  exposed  to  heat,  they 
melt  like  the  resins,  and  at  the  same  time  exhale  a  fragrant 
and  acrid  vapour,  which  is  the  benzoic  acid,  and  which 
condenses  in  needle-like  crystals.  If  heated  more  strong- 
ly, a  portion  of  oily  matter  is  volatilized  :  subjected  to 
destructive  distillation,  they  afford,  besides  benzoic  acid, 
products  similar  to  those  from  the  resins :  when  heated  in 
the  open  air,  they  inflame. 

They  are  insoluble  in  water ;  but  by  digestion  with  it, 
a  portion  of  benzoic  acid  is  dissolved,  which,  as  was  dis- 
covered by  Geoffroy,  may  be  obtained,  by  evaporation 
and  cooling,  crystallized.  According  to  Fourcroy,  their 
powder,  when  mixed  with  the  vegetable  colours  diffused 
in  water,  reddens  them, — a  proof  of  the  presence  of  free 
acid.  When  distilled  with  water,  a  small  quantity  of  es- 
sential oil  is  obtained  from  the  greater  number  of  them. 

They  are  perfectly  soluble  in  alkohol,  any  impurities  ex- 
cepted ;  and  the  solution  is  decomposed  by  the  affusion  of 
water,  the  resinous  matter  being  precipitated.    It  is  also 
decomposed  by  some  of  the  acids.    They  are  likewise  so- 
ft 
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hxble  ill  ctlicr,  and  in  the  volatile  oils,  and  are  softened  by 
the  action  of  camphor. 

The  action  of  the  alkalis  on  the  balsams,  is  similar  to 
their  action  on  the  resins, — dissolving  them  and  forming 
brown  solutions.  The  alkali  at  the  same  time  combines 
with  the  benzoic  acid  ;  and  if  the  solution  has  been  dilute, 
to  as  to  prevent  the  solution  of  the  resinous  matter,  the 
filtrated  liquid  has  not  much  colour,  and  on  saturating  the 
alkali  u^ith  an  ^cid,  benzoic  acid  is  obtained.  The  action 
of  lime,  by  the  medium  of  water,  is  similar. 

The  stronger  acids,  particularly  the  sulphuric  and  nitric, 
when  digested  on  the  balsams,  caused,  in  Mr  Hatchet's 
experiments,  a  formation  of  tannin,  in  the  same  manner 
a§  these  acids  do  from  the  resins.  There  was  also,  in  some 
Cases,  a  formation  of  prussic  acid  ;  and  benzoic  acid  was 
always  obtained  by  sublimation  or  distillation  from  the 
mixture.  This  acid,  it  will  afterwards  appear,  is  not  de- 
composed by  sulphuric  or  nitric  acids ;  and  hence  its  ap- 
pearance in  this  process,  supposing  it  to  pre-exist  in  the 
balsams.  Acetic  acid  when  heated,  dissolves  some  of  the 
balsams,  as  benzoin,  as  Mr  Brande  found  in  his  experi- 
ments on  this  substance  *  :  it  retains  the  resin  in  solution, 
but  as  it  cools,  allows  the  benzoic  acid  to  precipitate. 

All  the  balsams  are  odorous,  and  pungent.  Some  of 
them,  as  benzoin,  are  solid  ;  others  are  fluid,  but  thick  ; 
and  these  by  age  likewise  become  solid :  they  exude  from 
the  vegetables  which  produce  them,  either  spontaneously 
or  from  incisions  made  in  the  bark.  The  principal  sub- 
stances of  this  class,  are  Opobalsam,  or  Balsam  qf  Gilead, 


*  Nicholson's  Journal,  vol.  x.  p.  82. 
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the  produce  of  the  Amyris  gileadensis ;  Balsam  of  Peru 
from  the  Myroxolon  peruiferum  j  Balsam  of  Tolu,  from 
the  Toluifera  balsamum  ;  Benzoin,  from  the  Styrax  ben- 
zoinum  ;  and  Storax,  from  the  Styrax  officinale.  They 
are  used  sometimes  in  the  practice  of  medicine,  and  their 
individual  history  belongs  to  the  materia  medica-  Their 
chemical  properties  are  very  nearly  the  same. 


SECT.  XIU. 

©F  EXT^ICT,  Ott  EXTRACTIVE  MATTER. 

The  name  of  Extract  has,  in  the  language  of  pharma- 
cy, been  appropriated  to  a  preparation  in  which  vegetable 
juices,  or  the  watery  decoctions  of  vegetable  substances, 
are  reduced  by  evaporation  to  a  thick  consistence.  From 
the  nature  of  this  process,  it  is  evident,  that  the  product 
tnay  consist  of  different  principles,  of  gum,  sugar,  tannin, 
Saline  matter,  and  indeed  of  all  those  soluble  in  water, 
and  that,  as  obtained  from  different  plants,  it  may  be  very 
different.  Preparations  of  this  kind  being  much  used  in 
the  medical  practice  of  France,  have  always  engaged  the 
attention  of  the  French  chemists,  and  they  were  accustorft- 
ed  to  arrange  them  under  certain  divisions.  Thus,  Rouellc 
distinguished  three  principal  kinds ;  what  he  named  Mu- 
cllaginous'extracts,  soluble  in  water,  in  which  gum,  or 
mucilage  predominates  ;  Resinous  extracts,  in  which  the 
properties  denote  the  presence  of  resin,  and  which  are 
hence  more  especially  soluble  in  alkohol  j  and  Saponaceous 
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extracts,  which  are  soluble  both  in  water  and  alkohol.  A 
different  view  has  been  since  taken  of  this  subject :  it  has 
been  supposed,  that  though  in  these  preparations  there 
may  be  an  intermixture  of  principles,  yet  there  is  one 
which  forms  their  basis,  and  which  constitutes  a  peculiar 
vegetable  principle,  distinct  from  any  other.  It  is  to  de- 
note this,  that  the  name  Extract,  or  Extractive  Matter  is 
now  applied. 

This  view  of  the  nature  of  this  principle  has  been  prin- 
cipally given  by  Fourcroy  and  Vauquelin,  in  the  course  of 
their  analysis  of  different  vegetables  :  by  the  former  par- 
ticularly, in  his  analysis  of  the  cinchona  of  St  Domingo*, 
and  by  the  latter,  in  his  analysis  of  the  sap  of  vegetablesf ; 
and  it  is  from  their  researches,  that  the  history  of  this 
principle  is  chiefly  to  be  derived.  Hermbstaedt  has  also 
stated  some  facts  with  regard  to  it.  There  is  still,  how- 
ever, as  I  shall  have  to  remark  in  concluding  its  history, 
a  considerable  degree  of  obscurity  and  doubt  as  to  the  na- 
ture of  this  matter  j  whether  it  can  properly  be  regarded 
as  a  well-defined  proximate  principle,  uniform  in  its  com- 
position and  properties ;  or  whether  it  may  not  be  a  mix- 
ture or  combination  of  some  of  the  other  known  princi- 
ples of  plants.  The  term  Extract,  which  has  been  applied 
to  it  considering  it  as  a  distinct  principle,  is  ambiguous, 
from  the  other  signification  which  has  been  attached  to  it^ 
and  under  which,  in  the  language  of  pharmacy,  it  is  still 
understood.  Were  the  existence  of  this  principle /ully 
established,  the  name  of  Extractin  might  perhaps  be  give^ 
to  ir,  and  would  be  free  from  all  ambiguity. 

*  Annales  de  Chimin,  torn.  viii.  &  ix. 
'  *!bid  torn.  xxxi. 
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Extractive  matter,  according  to  Fourcroy,  exists  in  dif- 
ferent parts  of  plants,  but  more  particularly  in  the  green 
and  brown  solid  parts,  as  in  the  leaves,  bark,  and  vi^ood  : 
it  is  also  often  naturally  dissolved  in  their  juices.  When 
it  exists  in  the  solid  parts,  it  is  best  obtained  by  boiling 
the  solid  matter  repeatedly  in  water,  and  evaporating  the 
strained  decoction  :  when  dissolved  in  the  juice,  it  is  ob- 
tained by  evaporating  this  to  a  solid  form,  by  a  gentle  heat. 
In  either  case,  however,  it  is  obvious,  that  it  may,  and  in- 
deed generally  will  be,  mixed  with  other  principles  :  there 
is  no  process  by  which  these  can  be  separated,  so  that  we 
are  certain  of  obtaining  it  pure  :  and  hence  its  properties 
are  rather  discovered,  either  from  examining  it  as  afforded, 
by  some  vegetables  with  little  intermixture,  or  from  the 
effects  re- agents  produce  upon  the  juices  or  decoctions 
containing  it,  and  which  cannot  be  supposed  to  arise  from 
the  operation  of  these  on  other  known  principles. 

Extractive  matter  is  soluble  in  water,  but  it  gradually 
becomes  insoluble  from  exposure  to  the  air.  According 
to  Vauquelin,  the  juices  which  naturally  contain  it,  are  co- 
lourless as  they  issu6  from  the  plant,  but  they  soon  assume 
a  yellow  or  brown  colour,  from  the  action  of  the  air  and 
light.    If  evaporated,  a  brown  or  reddish  pellicle  forms  on 
their  surface,  which  breaks  and  subsides,  the  dissolved  mat- 
ter becoming  insoluble  ;  and  when  the  whole  is  reduced 
by  evaporation  to  a  thick  consistence,  on  attempting  to 
dissolve  this  in  water,  a  portion  always  remains  undissolv- 
ed.   Fourcroy  has  observed  too,  that  if  the  decoction  of  a 
vegetable  which  affords  extract,  be  filtered,  so  as  to  be  per- 
fectly transparent,  by  merely  continuing  the  decoction,  it 
becomes  turbid,  and  a  great  part  of  it  is  precipitated  from 
Vol.  IV.  R 
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the  water,  in  a  state  in  which  it  is  no  longer  soluble  :  the 
longer  the  boiling  is  continued,  and  the  more  freely  the  li- 
quor is  exposed  to  the  air,  the  more  insoluble  matter,  he 
adds,  is  formed  and  by  continuing  the  successive  solu- 
tions and  evaporations,  the  whole  of  the  soluble  extract 
may  be  brought  into  this  state. 

This  change  he  ascribes  to  the  absorption  of  oxygen  ; 
and  this  is  one  principal  property  characteristic  of  this  prin- 
ciple,— that  it  is  soluble  in  water,  but  when  in  solution, 
-and  at  a  high  temperature,  it  absorbs  oxygen  and  becomes 
insoluble,  and  at  the  same  time  comparatively  insipid  and 
inert,.  The  injury  which  many  medicinal  plants  sustain 
from  boiling,  has  been  ascribed  by  Fourcroy  to  this  cause, 
and  not  to  the  dissipation  of  any  active  volatile  principle, 
as  had  formerly  been  supposed  and  indeed  from  many 
of  them  which  are  injured  by  this  operation,  no  such  prin- 
ciple can  be  obtained,  when  the  operation  is  performed,  so 
as  to  collect  the  products. 

Theodore  Saussure  has  observed,  that  Fourcroy,  in  as- 
cribing these  changes  to  oxygenizement,  does  not  affirm 
that  he  had  submitted  the  insoluble  matter  to  analysis,  or 
the  air,  in  contact  with  which  the  liquid  had  been  boiled, 
to  any  eudiometric  trial.  He  therefore  placed,  under  bot- 
tles full  of  atmospheric  air,  and  closed  by  quicksilver,  cap- 
sules containing  solutions  of  the  extractive  matter  of  cin- 
chona, oak  wood,  and  different  moulds  :  after  some  days, 
he  found  precipitates  had  formed  in  these  solutions,  and 
the  air  had,  at  the  same  time,  suffered  a  small  diminution 
of  volume.  Submitted  to  eudiometric  examination,  it 
was  found  to  have  lost  its  oxygen,  which  was  replaced  by 
a  quantity  of  carbonic  acid  g.is,  not  equal  in  Tolume  to 
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the  oxygen  that  had  been  consumed,  part  of  this  acid  ha- 
ving been  absorbed  by  the  water  of  the  solutions ;  hence, 
when  previously  saturated  with  carbonic  acid  gas,  the 
quantity  of  carbonic  acid  formed  under  their  exposure  to 
atmospheric  air,  was  exactly  equal  to  the  quantity  of  oxy- 
gen that  disappeared.  He  further  found  reason  to  con- 
clude, that  in  thus  losing  part  of  their  carbon,  by  the  ac- 
tion of  oxygen,  they  lose  still  more  of  their  oxygen'  and 
hydrogen,  by  these  principles  entering  into  binary  combi- 
nations and  forming  water,  and  that  the  residual  inso- 
luble matter  has  an  enlarged  proportion  of  carbon,  and 
is  not  merely,  as  Fourcroy  had  inferred,  extract  oxyge- 
nized *. 

Extractive  matter  is  soluble  in  alkohol,  as  is  evident 
from  its  being  abstracted  by  this  fluid  from  vegetable  mat- 
ter, in  which  it  exists  ;  and  this  solution  is  not  decompos- 
ed by  the  affusion  of  water.    This  property  of  equal  so- 
lubility in  water  and  in  alkohol  is  very  well  shown  in  some 
vegetables,  as,  for  example,  in  safiron,  which  yields  a  large 
portion  of  matter  to  both  these  fluids,  the  solution  in  either 
not  being  altered  by  the  addition  of  the  other.    This  may 
therefore  be  regarded  as  another  characteristic  property  of 
extract,  and  as  serving  to  distinguish  it  from  gum,  resin, 
or  any  mixture  or  combination  of  these  j  gum  being  solu- 
ble in  water,  and  not  in  alkohol, — resin  in  alkohol,  not  in 
water.     Gum  resin  is  indeed  partly  soluble  in  either  of 
these  fluids,  but  it  never  is  entirely  so  ;  since,  if  it  contain 
so  much  gum  as  to  be  soluble  in  water,  it  is  very  partially 
dissolved  by  alkohol   or,  if  it  contain  so  much  resin  as  to 


*  Recherches  sur  la  Vegetation,  p.  136. 
R2 


'260 


Of  EXTRACT. 


be  soluble  in  alkphol,  it  is  then  imperfectly  dissolved  hy 
water.  And  if  a  gum  resin  be  digested  either  with  water 
or  alkohol  alone,  the  solution  it  affords  with  the  one  fluid 
is  decomposed  by  the  other. 

According  to  some  chemists,  extractive  matter  is  insolu- 
ble in  etlier.  This,  if  the  observation  be  just,  would  af- 
ford a  very  characteristic  property  of  this  principle.  I  have 
found,  however,  that  sulphuric  ether  dissolves  the  colour- 
ing matter  of  saffron,  which  Hermbstaedt  gives  as  an  ex- 
ample of  pure  extract,  and  which  appears  to  be  so. 

Oxymuriatic  acid,  poured  into  a  solution  of  extractive 
matter,  converts  it  immediately  into  a  concrete  substance 
of  a  deep  yellow  colour,  insoluble  in  water,  but  soluble 
in  alkohol,  and  in  the  alkalis  *.  If  cloth  be  steeped  in 
oxymuriatic  acid,  and  then  immersed  in  a  solution  of  ex- 
tract, the  oxygen  is  transferred  from  the  acid  to  the  ex- 
tract, which  is  then  deposited  on  the  cloth,  and  adheres 
to  the  vegetable  fibre.  It  was  by  the  action  of  oxymuri- 
atic acid,  that  Vauquelin  precipitated  the  extractive  mat- 
ter from  the  vegetable  juices  which  he  examined. 

This  principle  has  an  attraction  to  argil,  and  to  metal- 
lic oxides,  as  appears  from  Vauquelin's  experiments.  If  to 
a  solution  of  it  in  water  there  be  added  a  solution  of  alum, 
of  which  the  excess  of  acid  has  been  previously  saturated, 
on  boiling  them  for  a  short  time,  an  abundant  flocculent 
precipitate  is  formed,  composed  of  the  extract  in  combin- 
ation with  the  argil  of  the  alum  ;  and  the  solution  at  the 
same  time  is  nearly  deprived  of  its  colour.  If  cotton  or 
thread  impregnated  with  a  solution  of  alum,  be  macerat- 


*  Fourcroy,  Annalcs  de  Chimie,  torn.  vi.  p.  ISO. 
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in  a  solution  of  extract,  and  boiled  in  it,  the  vegetable 
fibre  becomes  tinged  of  a  yellowish  brown  colour,  from 
the  extractive  matter  being  fixed  in  it  by  the  medium  of 
tlie  alum ;  and  in  this  way  the  solution  may  at  length  be 
deprived  of  nearly  all  its  dissolved  matter,  and  the  cloth 
dyed.  Many  of  the  metallic  salts  have  a  similar  effect. 
The  solution  of  muriate  of  tin,  in  particular,  forms  in  the 
solution  of  extract  a  very  abundant  flaky  precipitate,  of  a 
brown  colour,  consisting  of  this  principle,  more  or  less 
oxygenized,  in  combination  with  the  oxide  of  tin. 

Extractive  matter,  in  a  humici  state,  gradually  suffers 
decomposition.  When  its  watery  solution  is  kept  for  some 
time,  it  becomes  turbid,  deposites  abundant  mucous  flakes, 
becomes  mouldy  at  the  surface,  yields  ammonia,  and,  when 
the  putrefaction  is  complete,  leaves,  as  the  fixed  products, 
carbonates  of  potassa  and  lime. 

When  subjected  to  destructive  distillation,  it  affords  an 
acid  in  part  saturated  with  ammonia. 

Such  are  the  characters  assigned  to  this  principle  ;  the 
most  distinctive  of  which  are,  its  equal  solubility  in  water 
and  alkoholj  its  susceptibility  of  oxygenizement,  and  form- 
ing, when  it  has  undergone  that  change,  an  insoluble  mat- 
ter, approaching  to  the  nature  of  resin  ;  and  its  affinity 
for  argil  and  metallic  oxides.  It  is  afforded  by  many  ve- 
getables, and  in  very  different  quantities,  and  perhaps  also 
of  variable  purity.  Saffron  has  been  given  as  an  example 
of  a  vegetable  matter  containing  a  large  proportion  of  it, 
and  that  nearly  pure  *,  16  ounces  of  it  affording,  it  is  sta- 
ted, 10  ounces  of  extract,  the  remaining  parts  being  prin- 
cipally ligneous  fibre.  Other  medicinal  plants  contain  it, 
ind  the  efficacy  of  many  of  their  infusions  and  tincture? 
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has  been  supposed  to  depend  on  it.  Valerian  is  said  to 
afford  it  in  as  large  a  quantity  as  saffron.  It  exists  in  gen- 
tian, senna,  ipccacuan,  and  a  number  of  leaves  and  roots. 
Opium  and  Peruvian  bark  contain  a  principle  which  so  far 
has  the  characters  of  extract,  that  it  is  precipitated  and  ren- 
dered inert  when  boiled  in  virater,  vvith  the  contact  of  the 
air.  It  is  contained  also  very  generally  in  the  juices  of 
plants,  obtained  cither  from  incisions  of  the  growing  plant, 
or  from  expression  of  their  succulent  parts. 

I  must  observe,  however,  that  the  characters  of  this  prin- 
ciple, as  obtained  from  different  vegetables,  are  by  no 
means  unifcrm,  and  that  sometimes  it  approaches  in  its 
properties  to  other  known  principles.  Thus,  the  active 
matter  of  Peruvian  bark  has  one  of  the  characters  of  ex- 
tract, that  of  absorbing  oxygen  when  in  a  humid  state,  or 
when  boiled  in  water.  But  at  the  same  time  it  approaches 
in  other  characters  to  a  resin,  as  it  is  more  soluble  in 
alkohol  than  in  water.  The  case  is  the  same  with  the  ex- 
tractive matter  of  opium,  while,  in  other  vegetables,  the 
reverse  sometimes  obtains ;  thus,  the  extractive  matter  of 
gentian  appears  to  be  more  soluble  in  water  than  in  alko- 
hol. 

Nor  are  the  characters  which  have  been  assigned  to  this 
principle  so  distinctive,  but  that  perhaps  they  may  be  pre- 
sented by  other  vegetable  principles  in  certain  states  of 
mixture  or  combination  ;  and  it  is  in  such  states  that  it  has 
usually  been  obtained.  Thus,  in  the  juices  of  plants  sub- 
mitted to  examination  by  Vauquelin,  and  in  which  the  ex- 
tractive principle  is  supposed  to  be  contained,  he  always 
found  considerable  proportions  of  saline  matter,  particu- 
larly of  free  acetic  acid,  and  of  the  acetitcs  of  potassa  and 
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iime.  These  might  so  far  modify  the  principles  existing 
in  the  juice,  as  to  disguise  their  properties  ;  acetic  acid, 
for  example,  would  render  a  portion  of  resinous  matter 
soluble  in  water.  Hence  the  peculiar  properties  which  the 
vegetable  matter  in  these  juices  did  present  might  arise 
from  these  modifications,  and  not  from  the  presence  of  any 
pecyliar  principle  to  which  they  belonged.  From  this,  the 
solubility  in  water  of  principles  otherwise  not  soluble 
might  originate  ;  and  the  properties  of  absorbing  oxygen, 
or  exerting  affinities  to  certain  earths  or  metallic  oxides, 
are  in  some  measure  possessed  by  various  vegetable  proxi- 
mate principles  j  they  may  be  exerted  more  readily  by 
them  in  such  a  state  of  intermixture,  and  can  scarcely, 
therefore,  be  regarded  as  distinctive  of  extract. 

From  these  considerations,  there  is  some  reason  to  doubt 
of  the  existence,  as  a  distinct  proximate  principle,  of  the 
matter  to  which  the  name  of  extract  has  been  given. 


The  Extracts  which  are  prepared  in  pharmacy,  either 
by  inspissating  expressed  vegetable  juices,  or  boiling  ve- 
getable matter  in  water,  and  evaporating  the  decoction  to 
a  thick  consistence,  are  various  in  their  composition. 
Those  prepared  by  the  latter  process  may  contain  muci- 
lage, sugar,  tannin,  and  a  portion  of  resin.  The  inspis- 
sated juices,  besides  these,  may  also  be  in  part  composed 
of  the  vegetable  acids,  and  of  other  saline  bodies  j  and, 
from  analysis,  they  appear  always  to  contain  acetites  of 
potassa,  iime,  and  ammonia,  often  free  acetic  acid,  and 
som'^timcs  sulphate  and  muriate  of  potassa,  and  sulphate 
of  lime.    They  usually  redden  Infusion  of  litmiis,  exhale 
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vapours  of  acetic  acid  when  acted  on  by  sulphuric  acid, 
and  give  a  smell  of  ammonia  vsrhen  mixed  with  lime.  As 
obtained  from  different  plants,  these  preparations  must 
vary  in  their  composition.  They  appear  also  to  be  liable 
to  decomposition  on  keeping  and  the  powers  of  the  sub- 
stances from  which  they  are  prepared  are  often  injured  by 
the  decoction  or  inspissation  :  hence  they  are  now  little 
used  in  medical  practice. 


SECT.  XIV. 

OF  TAKXIN. 

A  NUMBER  of  vegetable  substances,  some  of  them  in- 
spissated exuded  juices,  others  barks,  or  leaves,  had  re- 
ceived the  name  of  Astringents,  as  possessed  of  the  com- 
mon property  of  astringency,  characterized  by  the  power 
of  corrugating  the  animal  fibre.    They  had  been,  from 
this  property,  employed  in  medicine  ;  and  the  more  power- 
ful of  theih  were  used  in  the  operation  of  tanning.  From 
some  chemical  phenomena  which  they  exhibit,  it  appear- 
ed, that  they  contain  a  common  principle  to  which  this 
quality  is  owing  ;  since,  even  where  It  exists  in  a  very 
slight  degree,  it  is  capable  bf  being  discovered  by  chemi- 
cal tests.    If  to  the  watery  or  spiritous  infusion  of  any  of 
these  vegetable  astringents,  a  few  drops  of  the  solution  of 
the  sulphate,  or  any  of  the  other  salts  of  iron,  be  added,  a 
colour  is  produced  more  or  less  deep,  of  a  blue  or  purple 
tinge,  approaching  sometimes  to  black.    In  those  vegc- 
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Lables  which  have  no  astrlngency,  no  such  effect  is  pro- 
duced, while,  in  those  possessed  of  this  property,  the  deep- 
ness of  the  colour  is  in  some  measure  proportioned  to  the 
degree  in  which  it  belongs  to  them. 

It  appeared  to  follow,  from  these  facts,  that  the  proper- 
ty of  astringency  in  vegetables  must  depend  on  a  distinct 
principle,  contained  in  greater  or  less  quantity  in  the  dif- 
ferent astringents.  The  investigation  of  this  accordingly 
engaged  the  attention  of  chemists.  The  Dijon  Academi- 
cians observed,  that  the  astringent  principle  appeared  to 
have  some  of  the  properties  of  an  acid  :  And  at  length 
Scheele  discovered,  that  an  acid  of  a  peculiar  nature  exist* 
in  the  excrescence  which  forms  on  the  branches  of  the 
oak,  known  by-the  name  of  the  Gall  Nut,  which  is  one  of 
the  most  powerful  of  the  vegetable  astringents,  and  might 
be  obtained  from  it  perfectly  pure.  This  acid,  named  the 
Gallic,  from  the  substance  from  which  it  is  extracted,  has 
the  property  of  giving  a  purple  colour  to  the  salts  of  iron  : 
it  exists  in  all  the  powerful  astringents  ;  and  being  thus 
apparently  connected  with  the  property  of  astringency,  it 
was  regarded  as  the  astringent  principle. 

To  this  conclusion,  however,  Berthollet  many  years  ago 
stated  some  very  valid  objections.  He  observed,  that  z 
solution  of  the  gallic  acid,  reduced  to  as  great  a  degree  of 
purity  as  possible,  added  to  a  solution  of  sulphate  of  iron, 
does  not  produce  any  black  colour  or  precipitate  immedi- 
ately, but  only  by  degrees,  and  after  some  hours ;  while  a 
small  quantity  of  the  infusion  of  galls  instantly  produces 
a  much  more  intense  colour,  and  greater  opacity.  He 
farther  found,  that  by  two  successive  decoctions  of  galls 
in  water,  the  acid  is  extracted  from  them,  so, that  the 
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liquors  obtained  by  a  third  or  fourth  decoction  do  not  red- 
den litmus  paper,  nor  afford  any  gallic  acid  by  evaporation, 
and  yet  they  still  precipitate  iron  copiously  from  its  solu- 
tions. Tiiere  were  even  some  kinds  of  galls,  those  of  a 
white  colour,  as  well  as  some  other  strong  astringents,  as 
sumach,  or  walnut-tree  baric,  which  contain  no  sensible 
tjuantity  of  gallic  acid  ;  yet  these  readily  produce  the  black 
colour.  And,  lastly,  the  pure  gallic  acid  has  no  sensible 
corrugating  power,  and  scarcely  any  even  of  the  peculiar 
astringent  or  styptic  taste,  but  is  merely  sour  *. 

These  facts  appeared  to  lead  to  the  conclusion,  that  al- 
though the  gallic  acid  might  be  contained  in  the  vegetable 
astringents,  it  is  not  the  principle  of  astringency,  but  that 
this  property  must  depend  on  some  other  principle,  or  on 
some  modification  of  composition. 

Deyeux,  in  his  analysis  of  the  gall  nut  f,  found,  that, 
besides  the  gallic  acid,  it  contained  a  portion  of  extractive 
matter,  and  of  what  he  considered  as  a  particular  kind  of 
resin,  or  substance  approaching  at  least  to  resin  in  some 
of  its  properties  ;  that  these  are  in  a  state  of  combination 
so  as  to  be  always  extracted,  either  by  water  or  alkohol  ; 
and  the  astringent  property  he  conceived  arises  from  this 
combination,  and  not  from  any  of  these  principles  alone. 

At  length  Seguin,  in  the  course  of  some  experiments 
m  the  art  of  tanning  |,  establislied  more  clearly  the  exist- 
ence of  a  principle  in  the  vegetable  astringents,  different 
from  the  gallic  acirl,  and  in  which  the  astringent  or  cor- 


*  Elements  of  the  Art  of  Dyeing,  vol.  i.  p.  90,  kc. 
f  Ar.nales  de  Chimie,  torn.  xvii.  p.  1. 
i  Ibid.  tom.  XX,  p.  "R. 


OF  TANNIN.  2G7 

rugating  quality  seems  to  reside.  From  being  the  agent 
that  is  peculiarly  concerned  in  the  process  of  tanning,  it 
has  received  the  name  of  Tan,  or  Tannin  :  and  its  proper- 
ties are  sulTiciently  appropriate  to  characterize  it  as  a  dis- 
tinct principle.  Proust,  Davy,  and  Hatchet,  have  by  their 
researches  extended  our  knowledge  of  its  chemical  rela- 
tions :  the  two  first  have  principally  investigated  its  pro- 
perties, and  the  last  chemist  has,  by  an  extensive  series  of 
experiments,  established  the  fact  of  its  artificial  formation. 

This  principle  does  not  appear  to  be  secreted  pure  by 
vegetables,  or  deposited  in  any  of  their  parts  in  an  insula- 
ted state.  It  requires  to  be  extracted  by  certain  processes, 
and,  as  obtained  by  these,  is  often  mixed  or  combined 
with  other  principles.  It  is  contained  in  large  proportion 
in  the  gall  nut  and  in  oak  bark,  sumach,  and  several  other 
barks  ;  and  the  inspissated  juice  of  the  Mimosa  catechu, 
the  catechu  or  terra  japonica  of  the  shops,  consists  princi- 
pally of  it  in  combination  with  extractive  matter. 

If  oak  bark  be  macerated  in  water,  the  tannin  and  the 
gallic  acid  which  are  combined  in  it  with  the  ligneous  fi- 
bre are  dissolved,  forming  a  liquor  of  a  dark  brown  co- 
lour and  a  bitter  acerb  taste.  If  to  this  solution,  freed  by 
filtration  from  any  undissolved  matter,  a  solution  of  the 
animal  principle,  denominated  Gelatin,  of  which  isinglass 
and  glue  are  examples,  be  added,  a  thick  flocculent  preci- 
pitate or  magma  is  formed,  which  subsides  to  the  bottom  ; 
the  liquor  above  contains  the  gallic  acid,  and  any  mucilage 
or  extractive  matter  which  may  have  been  dissolved  from 
the  bark.  A  similar  appearance  results  from  the  infusion 
of  galls  treated  in  the  same  manner. 

This  is  the  original  experiment  of  Seguii:,  by  which  he 
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demonstrated  the  existence  of  a  principle  in  the  infusions 
of  these  astringents,  the  characteristic  property  of  which 
is,  forming  with  animal  gelatin  'an  insoluble  compound, 
and  in  consequence  of  which  property  it  can  be  withdrawn 
from  other  principles  with  which  it  is  combined. 

It  is  obvious,  however,  that  by  such  a  process  we  do  not 
obtain  this  principle  pure,  and  that  some  additional  steps 
are  requisite  to  separate  it  from  the  gelatin  with  which  it 
has  combined  ;  or  that  some  other  method  must  be  fol- 
lowed to  obtain  it  in  an  insulated  state.  Different  process- 
es have  been  proposed  for  this  purpose. 

The  first  was  proposed  by  Proust.  It  consists  in  pour- 
ing a  solution  of  muriate  of  tin  into  a  decoction  of  galls  : 
."xn  abundant  precipitate  forms,  consisting  of  the  tannin  in 
combination  with  oxide  of  tin  :  to  separate  the  latter,  the 
precipitate,  after  having  been  washed,  is  diffused  in  water, 
through  which  a  current  of  sulphuretted  hydrogen  is  pass- 
ed :  the  sulphur-etted  oxide  falls  down,  and  the  tanning 
principle  remains  in  solution  in  the  water  *.  This  process 
is  however  exceptionable.  Proust  himself  has  remarked  f , 
that  the  muriatic  acid  retains  a  portion  of  the  compound 
of  tannin  and  oxide  of  tin  in  solution,  so  that  all  the  tan- 
nin is  not  procured  ;  and  what  is  obtained  is  not  pure,  as 
the  muriate  of  tin  precipitates  the  extractive  matter  con- 
tained in  tliie  vegetable  infusion. 

Another  process  which  he  afterwards  proposed,  is  to 
pour  a  solution  of  carbonate  of  potassa  into  an  infusion  of 
galls.    A  yellowish  white  coagulum  is  formed,  which  it  Is 


*  Nicholson's  Journal,  4to,  vol.  ii.  p.  338. 
t  Ibid.  8vo,  vol.  ii.  p.  198. 
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only  necessary  to  wash  with  a  little  cold  water  to  obtain 
the  tannin,  the  coagulum  being  this  substance  separated 
from  its  solution-  by  the  aflinity  exerted  by  the  alkaline  car- 
bonate to  the  water  in  which  it  was  dissolved.  Care  must 
be  taken  not  to  \yash  it  with  too  much  water,  by  which 
it  would  be  dissolved  ;  nor  with  warm  water  :  for  the 
same  reason  a  strong  infusion  of  galls  must  be  operated 
on.  And  it  is  not  less  essential,  that  the  alkali' should  be 
saturated  with  carbonic  acid,  as  the  pure  alkali  favours  its 
solution  *.  This  process,  however,  is  inadmissible,  as  it  is 
not  pure  tannin  that  is  precipitated.  Mr  Davy  found,  that 
it  has  not  the  astringent  taste,  is  but  slightly  soluble  in 
cold  water,  or  in  alkohol ;  and  its  solution  acts  little  on 
gelatin,  until  it  is  saturated  with  an  acid  :  it  appeared, 
from  his  experiments,  to  consist  of  tannin  and  gallic  acid, 
with  carbonates  of  potassa  and  lime.  A  similar  process 
has  been  more  lately  proposed  by  Bouillon  Lagrange, — 
adding  to  an  infusion  of  galls  a  solution  of  crystallized 
carbonate  of  ammonia,  as  long  as  there  is  any  precipitation. 
The  precipitate  is  washed  with  cold  water  until  the  water 
pass  off  without  colour:  it  is  then  digested  in  pure  alko- 
hol, until  the  alkohol  cease  to  redden  infusion  of  litmus  : 
the  residuum  he  considers  as  pure  tannin  f.  This  seems 
nearly  equally  liable  to  objection  with  the  other. 

A  third  process  was  proposed  by  Proust.  Dize  had  ob- 
served, that,  by  pouring  sulphuric  or  muriatic  acid  on  a 
strong  decoction  of  galls,  a  considerable  dcposite  is  formed. 
According  to  Proust,  this  precipitate  consists  of  the  tan- 

*  Nicholson's  Journal,  4to,  vol.  iv.  p.  351. 
f  Annales  de  Chimie,  tom.  Ivi,  p.  1&7. 
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nin  in  combination  with  the  acid.  It  is  waslied  with  cold 
water  ;  is  dissolved  in  boiling  water  :  the  sulphuric  acid 
is  saturated  by  an  alkaline  carbonate,  and  the  tannin  is 
precipitated.  It  is  washed  with  cold  water  *.  It  is  still 
to  be  questioned,  however,  if,  as  obtained  in  this  manner, 
it  can  be  considered  as  pure  :  Mr  Davy  has  remarked, 
that  as  extractive  matter  is  likewise  precipitated  by  these 
acids,  a  portion  of  it  may  be  contained  in  this  precipitate ; 
and,  from  his  experiments,  it  appeared  also  to  contain  a 
quantity  of  gallic  acid. 

Another  method  has  been  proposed  by  Merat  Guillot. 
It  consists  in  adding,  to  a  solution  containing  tannin,  lime- 
water  :  a  precipitate  is  obtained  in  considerable  quantity, 
which  appears  to  consist  of  the  tannin  combined  with 
lime.  If  it  be  treated  with  nitric  or  muriatic  acid  diluted 
with  water,  an  effervescence  takes  place,  the  acid  com- 
bines with  the  lime,  and  a  matter  so  sparingly  soluble  as 
to  remain  on  the  liltre  is  obtained,  which  this  chemist 
considered  as  pure  tannin  f.  Mr  Davy  has  supposed,  that 
it  mu5rt  contain,  besides  tannin,  some  of  the  extractive 
matter  of  the  bark,  and  that  it  may  likewise  contain  saline 
matter.  It  is,  however,  the  simplest  process,  and  perhaps 
even  affords  purer  tannin  than  the  others ;  though  a  pro- 
cess is  still  wanting  by  which  we  can  be  certain  of  ob- 
taining this  principle  in  a  state  of  perfect  purity. 

Tannin,  in  the  states  in  which  it  has  been  hitherto  pro- 
cured, may,  by  ev.nporation  of  its  solution,  be  obtained  in 
the  solid  form.   It  appears  either  as  a  loose  powder,  or  a 


*  Nicholson's  Journal,  4to,  yoI.  iv.  p.  352. 
•f-  Ibid.  8vo,  vol.  ii.  p.  71. 
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dry  friable  matter,  having  a  resinous-like  fracture.  It  is  of 
a  brown  colour,  or,  according  to  Lagrange,  of  a  whice, 
which  becomes  brown  only  from  exposure  to  the  air :  has 
a  peculiar  smell,  and  a  caste  rough  and  bitter. 

This  principle  is  soluble  in  water,  either  cold  or  warm. 
Its  solution  is  of  a  brown  colour,  and  retains  the  peculiar 
smell  of  the  tannin.  It  is  generally  considered  as  being 
also  soluble  in  alkohol ;  but  according  to  Richter,  this 
is  only  when  the  alkohol  contains  some  water;  for  when 
liighly  rectified,  it  is  scarcely  at  all  soluble  in  it  *. 

Tannin  appears,  from  Seguin's  experiments,,  to  be  sus- 
ceptible of  oxygenizement.  When  its  watery  solution  is 
exposed  to  the  air,  its  surface  acquires  a  fine  pellicle, 
which  becomes  thicker  the  longer  the  fluid  is  exposed.  If 
it  be  broken,  it  is  soon  renewed,  and,  from  accumulating, 
it  at  length  precipitates.  It  is  quickly  formed  by  expos- 
ure to  oxygen,  or  to  oxymuriatic  acid,  so  much  so,  ac- 
cording to  Seguin,  that,  froiA  bringing  a  bottle  containing 
this  acid  into  the  vicinity  of  the  infusion  of  tannin,  a  pel- 
licle is  formed,  which  thickens  rapidly,  so  as  to  precipi- 
tate f .  As  phenomena  somewhat  similar  are  exhibited, 
however,  by  infusions  of  vegetables  which  contain  no  tai\- 
nin,  it  is  not  impossible  but  that  they  may  arise  from  the 
extractive  matter  contained  in  the  vegetable  from  which 
the  tannin  had  been  extracted.  This  appears  to  be  Con- 
firmed by  the  observation  made  by  Seguin  himself,  that 
the  infusion  of  tannin  may  be  kept  a  long  time  without 
its  properties  being  sensibly  altered,  and  this  even  though 

*  Philosophical  Magazine,  vol.  xxiii.  p.  75. 
f  Nicholson's  Jouniai,  ito,  vol.  i.  p.  275. 
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it  be  not  carefully  secluded  from  the  air.  Lagrange,  how- 
ever, in  his  late  examination  of  tannin,  has  afiirmed,  that 
it  is  very  susceptible  of  oxygenizement,  and  that  by  this 
change  it  acquires  the  property  of  reddening  litmus,  which 
otherwise  does  not  belong  to  it.  It  is  very  little  liable  to  pass 
into  a  putrid  state,  and  it  forms  a  powerful  antiseptic. 

Tannin  is  thrown  down  from  its  solutions  by  several  of 
the  acids.  Sulphuric  acid  causes  a  dense  whitish  precipi- 
tate. The  residual  liquor  separated  by  fitration  was  found 
by  Mr  Davy  still  to. precipitate  gelatin,  and  therefore  con- 
tained a  portion  of  tannin.  Muriatic  acid  produces  simi- 
lar effects,  two  compounds  of  the  tannin  being  formed  ; 
one  with  an  excess  of  acid  which  remains  in  solution,  the 
other  containing  much  tannin,  which  is  precipitated.  Ni- 
tric acid,  when  concentrated,  first  renders  the  solution 
turbid  but  the  solid  matter,  from  the  production  of  which 
this  arises,  is  soon  re-dissolved  with  effervescence,  and  the 
liquor  becomes  clear,  and  of  an  orange  colour.  The  tan- 
nin is  entirely  decomposed  during  this  action  ;  for  the  li- 
quid, after  it,  gives  no  precipitate  with  gelatin,  even  when 
the  acid  is  saturated  with  an  alkali.  With  dilute  nitric 
acid  a  permanent  precipitate  is  formed,  and  the  residual 
liquid  appears,  from  the  test  of  gelatin,  still  to  contain  a 
portion  of  tannin. '  Lagrange  has  stated,  that  tannin  pre- 
pared by  the  process  which  he  has  given,  already  describ- 
ed, is  converted  by  oxymuriatic  acid  into  gallic  acid  *. 
Were  this  established,  it  would  point  out  the  relation 
which  appears  to  be  so  intimate  between  these  two  prin- 
ciples ;  and  it  might  even  lead  to  the  suspicion  which 


*  Annales  de  Chimie,  torn.  Ivi.  p.  191. 
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some  other  facts  suggest,  that,  m  the  processes  to  whicli 
they  are  subjected,  the  one  is  often  converted  into  the  o- 
ther.  It  may  be  doubted,  however,  if  this  relation  is  so 
simple,  as  that  gallic  acid  is  merely  tannin  oxygenized. 

The  alkalis  combine  with  tannin.  A  solution  of  pure 
potassa,  poured  into  an  infusion  of  galls,  causes  first  a  faint 
turbid  appearance  ;  but,  by  agitation,  the  fluid  becomes 
clear,  and  its  colour  changes  from  yellowish  brown  to 
brownish  red.  The  solution  of  gelatin  does  not  act  on  the 
liquid  in  this  state  of  combination,  until  an  acid  be  add- 
ed in  excess,  and  then  a  copious  precipitation  is  occasion- 
ed. The  action  of  soda  is  precisely  similar ;  as  is  that  of 
ammonia.  On  heating  the  infusion  to  which  ammonia 
lias  been  added,  part  of  the  alkali  is  volatilized,  and  the 
remaining  portion  acts  on  tannin,  forming  a  quantity  of 
insoluble  matter,  and  leaving  little  in  solution  *. 

Lime,  barytes,  and  strontites,  in  solution  in  ^vater,  ap- 
pear likewise  to  combine  with  tannin,  and  to  form  com- 
pounds of  sparing  solubility  5  since,  when  added  to  infu- 
sion of  galls,  a  precipitation  ensues,  and  the  residual  liquor 
gives  no  precipitate  with  gelatin.  The  precipitate  of  these 
earths  with  pure  tannin  is,  according  to  Lagrange,  of  a. 
green  colour.  Magnesia  boiled  in  such  an  infusion  forms 
a  deep  green  fluid,  which  does  not  precipitate  the  solution 
of  gelatin  :  the  magnesia  acquires  a  grey  colour,  and  ap- 
pears to  have  abstracted  the  tannin  :  the  action  of  argil 
appears  to  be  precisely  similar -f. 

The  alkaline  carbonates  cause  a  precipitation  of  tannin, 
from  the  infusion  of  a  vegetable  astringent  j  but,  as  has 

*  Davy,  Philosophical  Transactions,  ISOii.  f  Ibid. 
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already  been  remarked,  this  precipitate  "ni  not  pure  tannin, 
but  contains  a  portion  of  the  alkaline  carbonate,  and,  in 
consequence  of  this,  does  not  act  on  gelatin,  until  the  al- 
kali be  saturated  by  an  acid.  The  residual  fluid  of  the  in- 
fusion, acted  on  by  the  carbonate,  still  contains  tannin, 
which  appears  to  be  combined  with  a  large  quantity  of  the 
alkali,  so  as  to  remain  soluble  j  and  it  Is  equally  incapable 
of  acting  on  gelatin,  until  the  alkali  is  saturated  by  an  acid. 
The  carbonates  of  lime,  magnesia,  and  barytes,  produce, 
in  like  manner,  an  insoluble  combination  of  these  respec- 
tive earths  with  tannin  :  the  residual  liquid  does  not  affect 
gelatin,  even  when  an  acid  has  been  added  to  it  •,  and 
hence  there  is  no  soluble  combination  of  tannin  formed  in 
this  case,  as  there  is  in  that  of  the  alkaline  carbonates  *. 

Even  a  number  of  neutral  salts,  as  nitrate  of  potass3| 
muriate  of  soda,  muriate  of  barytes,  &c.  cause  a  precipi- 
tation of  tannin.  This,  Proust  supposed  to  be  owing  to 
their  combining  with  the  water,  which  holds  this  principle 
dissolved.  Mr  Davy  found  reason  to  conclude,  however, 
that  these  precipitates  are  not  pure  tannin,  as  this  hypo- 
thesis implies,  but  contain  a  portion  of  the  salt  by  which 
they  had  been  thrown  down. 

The  metallic  oxides  appear  to  have  an  afhnity  to  tannin, 
and  to  combine  with  it,  forming  compounds  in  general 
insoluble.  Mr  Davy  found,  that  when  oxide  of  tin,  or 
oxide  of  zinc,  was  boiled  with  infusion  of  galls  for  two 
hours,  it  became  colourless,  and  seemed  to  be  pure  water, 
while  the  oxides  gained  a  tint  of  dull  yellow :  and  on  dis- 
solving them  in  muriatic  acid,  the  solution  acquired  the 


*  Davy,  Phiiosophical  Transactions,  1803. 


OF  TAN  NIX.  275 

property  of  precipitating  copiously  the  solution  of  gelatin. 
In  consequence  of  these  affinities  of  the  metallic  oxides  to 
this  principle,  many  of  the  metallic  salts  act  upon  it :  they 
in  general  give  rise  to  dense  coloured  precipitates,  which 
appear  to  consist  of  the  tannin  united  with  the  metallic 
oxide,  retaining  perhaps,  as  Mr  Davy  has  found  some  rea- 
son to  suppose,  a  portion  of  the  acid  with  which  it  was 
combined.  Acetite  of  lead  forms  a  precipitate  of  a  grey 
colour ;  nitrate  of  mercury,  one  that  is  yellow ;  sulphate 
of  manganese  is  thrown  down  green  :  but  these  precipi- 
tates generally  change  their  colour  in  drying  *. 

The  action  of  this  principle  on  sulphate  of  iron  is  im- 
portant, from  Its  relation  to  the  art  of  dyeing,  and  to  the 
composition  of  ink  ;  On  the  green  sulphate  it  has  no  sen- 
sible action  ;  but  with  the  red  sulphate,  it  gives  a  copious 
dense  precipitate,  of  a  dark  blue  colour,  approaching  to 
black  when  dried,  and  very  different  from  that  with  the 
gallic  acid,  which  is  of  great  tenuity,  so  as  to  remain  long 
suspended,  and  is  perfectly  black.  In  this  action  of  tannin 
on  the  red  sulphate,  part  of  the  oxygen  is  attracted  by  the 
tannin,  so  that  the  oxide  passes  to  the  state  in  which  it  ex- 
ists in  the  green  sulphate  f .  The  deep  black  colour,  pro- 
duced by  the  action  of  vegetable  astringents  on  the  red 
sulphate  of  iron,  appears  to  arise  from  the  action  both  of 
the  gallic  acid  and  tannin  ;  they  combine  with  the  oxide 
of  iron  ;  the  precipitate  is  kept  dissolved  in  some  measure 
by  the  free  sulphuric  acid  disengaged  :  and  it  is  this  which 
forms  the  colouring  matter  of  ink,  and  of  the  black  dyes. 


*  Lagrange,  Annales  de  Chimie,  torn.  Ivi.  p.  196. 
+  Proust,  Nicholson's  Journal,  4to,  vol.  ii.  p.  339. 
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The  most  cliaracteristic,  and  perhaps  the  most  import- 
ant chemical  property  of  this  principle,  is  that  of  combin- 
ing with  animal  gelatin.  When  the  solution  of  this  prin- 
ciple is  added  to  nn  infusion  containing  tannin,  a  copious 
soft  precipitate,  which  quickly  becomes  flocculent,  of  a 
yellowish  colour,  is  formed,  and  subsides  :  it  is  not  pu- 
trescible  j  and  on  drying  contracts  and  becomes  hard  and 
brittle,  but  resumes  its  softness,  and  a  degree  of  tenacity 
which  it  has,  when  it  is  moistened.  The  gelatin  requires 
to  be  recently  prepared  :  the  quantity  of  precipitate  is  in- 
fluenced by  the  state  of  concentration  ;  the  same  quanti- 
ties giving  rather  more  precipitate,  when  strong  solutions 
are  mixed  together.  It  is  also  influenced  by  the  propor- 
tions ;  an  excess  of  gelatin  redissolving  a  little  of  the  pre- 
cipitate. These  circumstances  require  to  be  attended  to, 
in  estimatmg,  by  the  test  of  gelatin,  the  quantity  of  tannin 
in  any  astringent,  and  vice  versa  in  using  tannin  as  a  test 
of  gelatin.  The  tannin  of  diff^erent  vegetables  was  found, 
by  Mr  Davy,  to  require  diff*erent  proportions  of  gelatin. 
On  an  average,  100  grains  of  the  compound  of  gelatin 
and  tannin,  formed  by  precipitation  from  saturated  solu- 
tions, contain  about  54  grains  of  gelatin,  and  4G  of  tannin. 

•Gelatin,  even  In  an  Indurated  or  compact  state,  is  ca- 
pable of  combining  with  tannin.  A  piece  of  animal  skin, 
which  consists  principally  of  gelatin,  immersed  in  an  in- 
fusion containing  tannin,  discolours  it  in  a  short  time,  by 
attracting  the  tannin. 

Tannin  exposed  to  heat^  affords  an  acid  liquor,  a  brown- 
ish oil,  and  a  considerable  quantity  of  carbonic  acid,  leav- 
ing in  the  retort  a  light  spongy  coal  *. 

*  Seguin,  Nicholson's  Journal,  4to,  vol.  i.  p.  271'. 
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This  principle  exists  in  many  vegetables,  and  always  in 
a  state  of  intermixture  with  other  principles,  particularly 
with  gallic  acid,  extract,  and  mucilage.  Seguin  has  re- 
marked, that  the  gallic  acid  is  often  unaccompanied  by  the 
tanning  principle,  as  in  cinchona,  crude  or  roasted  coffee, 
the  roots  of  the  strawberry  plant,  milfoil,  scrofularia,  ar- 
nica, and  a  number  of  others  these  forming  a  dark  pre- 
cipitate with  sulphate  of  iron,  but  not  being  affected  by 
gelatin.  Tannin,  on  the  other  hand,  is,  according  to  this 
chemist,  never  found  alone,  but  always  accompanied  with 
tlie  gailic  acid.  It  exists  not  m;.*rely  in  the  gall  nut,  oak 
bark,  and  sumach,  the  substances  used  in  tanning,  but  a- 
bundantly  in  bistort,  tormentil,  rhubarb,  squil,  several  spe- 
cies of  pine,  the  acacias,  and  a  number  of  other  vegetables. 

Mr  Davy  undertook  the  examination  of  the  principal  as- 
tringents, with  the  view  of  determining  the  proportion  of 
tannin  they  contain,  and  the  principles  with  which  it  is 
united  *.    In  gall  nuts,  tannin  is  the  principle  present  iu 
the  largest  proportion  :  500  grains  of  Aleppo  galls  yielded 
to  water,  by  lixiviation,  185  grains  of  solid  matter;  of 
which  130  wer«  tannin,  yi  gallic  acid,  12  mucilage  and 
extract,  and  12  calcareous  earth  and  saline  matter.  Oak 
bark  affords  a  considerable  proportion,  though  of  course 
much  less,  from  the  quantity  of  fibrous  matter  in  the  bark  : 
an  ounce  or  480  grains  of  the  interiitr  white  bark  afforded 
1 1 1  grains  of  solid  matter  by  lixiviation,  of  which  77  were 
tannin.    The  bark  of  the  Leicester  willow  afibrded  about 
the  same  quantity  ;  that  of  the  Spanish  chesnut  less;  and 
p  common  willow  and  elm  a  much  inferior  proportion. 


*  Philosophical  Transactions,  1803. 
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Sumach  afforded  as  much  as  oak  bark.  Souchong  and 
green  tea  gave  also  a  considerable  quantity.  The  quanti- 
ties vary  according  to  the  age  of  the  tree,  and  according 
to  the  season,  as  the  experiments  of  Mr  Biggin  *  have 
shown.  The  inner  bark,  Mr  Davy  found,  alvirays  contain- 
ed a  larger  proportion  than  the  outer  layers ;  and  as  the 
interior  layers  are  comparatively  most  abundant  in  young 
trees,  their  barks  contain,  in  the  same  weight,  a  larger 
proportion  of  tannin  than  tliose  of  old  trees. 

The  substance  named  Catechu,  obtained  by  decoction 
!t5id  iuspissation  from  the  wood  of  the  Mimosa  catech  u,  a  - 
native  of  India,  is- a  strong  astringent,  and,  from  Mr  Davy^s 
experiments,  appears  to  contain  a  large  proportion  of  tan- 
liin.   It  is  almost  wholly  soluble  in  water :  a  considerable 
proportion  of  it  is  also  soluble  in  alkohol,  but,  when  acted 
on  by  the  latter  fluid,  a  portion  of  mucilage  remains  undis- 
solved.   One  hundred  grains  of  what  is  named  Bombay 
Catechu  consists,  according  to  these  experiments,  of  5^.5 
of  tannin,  3i  of  extractive  matter,  6.5  mucilage,  and  5  re- 
sidual matter,  chiefly  impurities.    The  same  quantity  of 
Bengal  catechu  gave  48.5  of  tannin,  36.5  of  extract,  8  of 
mucilage,  and  7  of  residual  matter. 

Another  very  astringent  substance  known  in  the  shops 
by  the  name  of  Kino,  appears,  according  to  the  account 
of  it  given  by  Dr  Duncan  and  by  Vauquelin,  to  consist 
chiefly  of  a  variety  of  tannin.  It  was  first  imported  from 
Africa,  and  was  said  to  be  the  produce,  by  exudation,  of 
a  particular  tree.    Dr  Duncan  has  obsierved,  however  f, 


*  Philosophical  Transactions,  1799,  p.  299. 
t  Edinburgh  Dispensatory,  p.  2i2. 
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that  it  has  every  appearance  of  an  extract  obtained  by  de- 
coction and  inspissation,  and  that  part  of  the  kino  of  com- 
merce, not  distinguishable  from  that  from  Africa,  is  im- 
ported from  Jamaica,  and  is  known  to  be  the  extract  of 
an  astringent  bark,  that  of  the  Coccoloba  urifera.  Its  so- 
lution gives  a  copious  precipitate  with  gelatin,  and  throws 
down  also  coloured  precipitates  from  the  metallic  salts  : 
that  from  the  salts  of  iron  is  of  a  deep  green  colour.  Ac- 
cording to  Vauquelin's  experiments  on  it  *,  it  consists 
chiefly  of  tannin,  with  a  proportion  of  mucilaginous  or  ex- 
tractive matter.  The  kino  examined  by  this  chemist  Dr 
Duncan  suspects  to  be  the  substance  named  the  Botany 
Bay  Gum,  which  is  the  produce  of  different  species  of  en- 
cali/ptuSi  and  forms  at  present  the  finest  kino  of  the  shops  f . 

Proust  remarked,  that  the  tannin  afforded  by  different 
vegetables  is  not  uniform  in  its  qualities, — an  observation: 
which  is  sufficiently  confirmed  by  experiment.  Thus,  the 
tannin  of  catechu,  in  precipitating  gelatin,  does  not  form 
with  it  a  magma  of  the  consistence  or  insolubility  of  that 
formed  by  the  tannin  of  galls  :  it  gives  also  a  violet- colour- 
ed ink  with  sulphate  of  iron.  The  tannin  of  kino  forms 
with  the  solution  of  glue  a  rose-coloured  coagulum,  and 
does  not  precipitate  the  salts  of  iron  black,  but  of  a  beau- 
tiful deep  green  colour,  scarcely  alterable  by  exposure  to 
the  air, — a  property  which  also  belongs  to  the  tannin  of 
rhubarb.  The  tannin  of  sumach,  in  precipitating  glue,  af- 
fords a  white  magma  without  consistence.  From  such 
facts,  Proust  concluded,  that  tannin  has  its 'varieties,  like 
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the  other  immediate  principles  of  vegetables;  the  property 
of  precipitating  gelatin  being  that  which  unites  them,  and 
as  it  were  constitutes  the  species  *.  On  this  subject  Mr 
Davy  has  observed,  that  the  specific  agencies  of  tannin,  in 
all  the  different  vegetable  astringents,  are  the  same.  In 
every  instance  it  is  capable  of  entering  into  union  with  the 
acids,  alkalis,  and  earths,  and  of  forming  insoluble  com- 
pounds with  gelatin  and  with  skin;  and  he  seems  dispos- 
ed to  conclude,  that  although  the  opinion  of  Proust  is  suf- 
ficiently conformable  to  the  facts  generally  known  con- 
fcerning  the  nature  of  the  substarices  which  are  produced 
in  organized  matter,  it  cannot  be  considered  as  proved,  till 
tlie  tannin  in  dilFerent  vegetables  be  examined  in  its  pure 
and  insulated  state.  In  all  the  vegetable  infusions  In  which 
it  has  been  subjected  to  experiment,  it  exists  in  a  state  of 
union  with  other  principles,  by  which  its  properties  must 
be  modified.  Thus,  as  Mr  Davy  has  remarked,  the  in- 
fusion of  sumach  owes  its  characteristic  property  of  being 
precipitated  by  the  caustic  alkalis  to  the  presence  of  sul- 
phate of  lime  ;  and  to  this  may  be  owing  the  white  colour 
of  its  precipitate  with  glue.  That  the  infusion  of  galls  is 
rendered  green  by  the  alkaline  carbonates,  evidently  de- 
•pcnds  on  the  large  quantity  of  gallic  acid  it  contains;  and 
that  the  solutions  of  catechu  do  not  copiously  precipitate 
the  carbonated  alkalis,  appears  to  depend  on  their  contain- 
ing tannin  in  a  peculiar  state  of  union  with  extractive  mat- 
ter, and  uncombined  with  gallic  acid  or  earthy  salts  +. 
These  observations  are  undoubtedly  just  ;  yet  as  tannin 
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appears  susceptible  of  alteration  in  its  constitution,  parti- 
cularly from  oxygenlzeraent,  it  is  not  improbable,  that 
siight  variations  of  this  kind  may  give  rise  to  some  of  the 
differences  observed  in  its  properties, — a  supposition  con- 
firmed by  the  discoveries  with  regard  to  its  artificial  form- 
ation, in  which  it  is  produced  with  properties  somewhat 
different,  so  as  to  form  at  least  three  varieties. 


The  artificial  formation  of  tannin,  a  subject  highly  ih- 
teresting,  has  been  amply  investigated  by  Mr  Hatchet,  by 
whom  it  was  discovered.  It  had  been  observed  by  Seguhi, 
Proust,  and  Davy,  that  the  tanning  principle  is  developed 
in  many  vegetables  by  heat ;  and  Mr  Chenevix,  in  sub- 
mitting coffee  to  chemical  examination,  found,  that,  by 
roasting  it,  tannin  is  evolved  or  produced :  previous  to 
roasting,  it  contains  a  principle  somewhat  analogous,  but 
which  does  not  precipitate  gelatin,  but,  after  it  has  been 
submitted  to  that  process,  its  decoction  gives  an  imme- 
diate precipitate  *.  But  the  observation  of  these  facts, 
did  not  lead  to  any  farther  investigation  of  the  subject. 

Mr  Hatchet  having  observed,  in  his  experiments  on  lac, 
and  some  of  the  resins,  the  powerful  action  that  nitric  a- 
cid  exerts  on  them,  and  that  a  substance  is  produced  by 
this  action,  apparently  carbonaceous,  possessed  of  some  pe- 
culiar properties,  was  induced  to  examine  the  action  of  thk 
acid  on  the  bitumens,  coal,  and  charcoal.  He  found,  that 
by  digesting  these  with  a  sand  heat  in  nitric  acid,  100 
grains  being  used  to  one  ounce  of  acid  of  the  specific  gra- 
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vity  of  l.^,  and  freah  portions  of  the  acid  being  added  as 
it  was  deconfiposed  or  dissipated,  a  solution  was  obtained, 
in  a'  few  days,  of  a  dark  brown  colour,  which  afforded, 
when  evaporated  to  dryness,  a  substance  having  the  ge- 
neral properties  of  tannin,  and  which  very  readily  preci- 
pitated solutions  of  gelatin.  lOOgrainsof  vegetable  char- 
coal yield  about  1 14-  grains  of  this  matter  in  a  dry  state. 

This  substance  Mr  Hatchet  found  was  best  obtained 
frojm  carbonaceous  matter  when  this  is  uncombined  with 
»ny  principle  butoxyrcn;  and  hence  Substances  frequently 
did  not  produce  the  tanning  matter  when  treated  with  ni- 
tric acid,  as  saw-dust  and  different  varieties  of  coal,  which, 
after  having  been  charred  and  submitted  to  the  same 
treatment  as  before,  produced  it  copiously.  The  coal  of 
animal  matter  was  equally  susceptible  of  being  converted 
into  tannin  by  this  process.  Isinglass  charred  afforded  it, 
in  Mr  Hatchet's  experiments,  and,  as  he  remarked,  thus 
established  the  curious  fact,  "  that  one  portion  of  the  skin 
of  an  animal  may  be  made  to  convert  another  into  leather." 

In  conformity  to  this  effect  of  charring  in  favouring  the 
production  of  tannin,  Mr  Hatchet  found,  that  substances 
charred  by  sulphuric  acid,  afforded  the  artificial  tannin 
when  afterwards  treated  with  nitric  acid  ;  and  even  in 
some  cases,  in  bis  first  experiments,  a  portion  of  it  appear- 
ed to  be  formed  by  the  continued  action  of  the  sulpliuric 
acid,  being  separated  from  the  insoluble  matter  by  the  ac- 
tion of  alkohol.  This  he  afterwards  investigated  more 
ftilliy  .and  found,  that  by  digesting  sulphuric  acid  on  a 
number  of  resins,  balsams,  camphor,  oil  of  turpentine. 
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Jinseed  oil,  olive  oil,  and  wax,  washing  the  residuum,  and 
digesting  it  in  alkohol,  tanning  matter  was  procured. 

In  a  second  series  of  experiments  *,  Mr  Hatchet  found, 
that  almost  every  vegetable  substance  might  be  made  to 
aiFord  tannin,  by  the  repeated  distillation  of  nitric  acid  from 
it  without  any  previous  charring.  He  thus  procured 
It  from  all  the  resins  which  he  tried,  from  a  number  of  the 
gum  resins,  from  the  balsams,  indigo,  and  several  other 
varieties  of  vegetable  matter  ;  some  affording  it  with  more 
dilBculty  than  others,  or  requiring  more  distillations  of  the 
aqid,  and  affording  it  also  in  different  quantities.  Some 
even  did  not  afFord  it,  such  as  elemi,  olibanum,  sandarach, 
copaiba,  mastich,  myrrh,  gamboge,  and  caoutchouc, 
though,  had  the  distillation  been  more  frequently  repeat- 
ed, Mr  Hatchet  supposed  it  probable  they  might  have  done 
so.  Gum  arable,  gum  tragacanth,  and  manna,  afforded 
oxalic  acid,  but  no  tannin. 

The  nature  of  the  product  of  all  these  operations  was 
ascertained  by  the  precipitate  it  gave  with  gelatin,  and,  in 
some  cases,  by  skin  being  tanned,  or  converted  into  leather 
by  its  operation.  It  resembled,  too,  in  almost  all  its  other 
properties,  natural  tannin.  Its  flavour  was  astringent :  ex- 
posed to  heat,  it  swelled,  and  gave  a  voluminous  coal ;  it 
was  speedily  dissolved  by  cold  water,  and  by  alkohol.  Its 
solution  produced  copious  precipitates  when  added  to  so- 
lutions of  muriate  of  tin,  acetate  of  lead,  and  red  sulphat.r 
of  iron  •,  that  from  the  first  being  of  a  dark  grey  colour^, 
those  from  the  others  brown.  It  precipitated  gold  in  its 
metallic  state  from  its  solution.    With  the  nitrate  of  lime, 
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nitrate  of  barytes,  and  other  earthy  salts,  it  likewise  gave 
precipitates.  The  alkalis  at  first  deepened  the  colour  of 
its  solution,  and  then  rendered  it  turbid.  Sulphuric  and 
muriatic  acids  throw  down  a  copious  brown  precipitate, 
soluble  in  warm  water,  and  still  capable  of  precipitating 
gelatin  *. 

It  thus  appears,  that  artificial  tannin  may  be  formed 
from  a  number  of  vegetable  substances,  and  by  different 
processes.  The  products  of  these  processes,  though  all 
possessed  of  the  essential  characters  of  natural  tannin,  dif- 
fer somewhat  in  their  properties  from  it  and  from  each 
other.  Mr  Hatchet  has  marked  three  varieties, — the  first, 
produced  by  the  action  of  nitric  acid  on  any  carbonaceous 
substance,  vegetable,  animal,  or  mineral;  the  second,  form- 
ed by  distilling  nitric  acid  from  resins,  balsams,  and  simi- 
lar substances  ;  and  the  third,  extracted  by  alkohol  from 
number  of  resins,  camphor,  &c.  digested  with  sulphuric 
acid. 

The  first  of  these  varieties  approaches  nearest  iu  it^ 
properties  to  natural  tannin.  It  resembles  it  in  its  solu- 
bility in  water  and  in  alkohol ;  in  its  action  on  gelatin  and 
on  skin  ;  in  its  effects  on  the  metallic  solutions,  on  the  Si- 
kalis,  and  on  the  earths.  The  sulphuric  and  muriatic 
acids,  too,  afreet  its  solution,  as  they  do  that  of  natural 
tannin  ;  and  the  only  marked  difference  between  them  is 
in  their  relation  to  nitric  acid.  This  variety  of  artificial 
tannin  owes  its  origin  to  the  action  of  this  acid,  and  is  not 
changed  by  the  continuance  of  that  action.  Mr  Hatchet 
found,  that  it  might  be  dissolved  in  nitric  acid,  the  solu- 
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tion  distilled  until  the  acid  came  over,  and  this  be  repeat- 
ed three  times  without  the  tanning  matter  having  suffered 
any  alteration  in  its  properties  ;  while  natural  tannin  ex- 
tracted from  different  vegetable  astringents,  galls,  oak 
bark,  sumach  and  others,  was  always  destroyed  by  the  ac» 
tion  of  this  acid  j  though  some  resisted  the  action  longer 
than  others. 

The  second  variety  of  artificial  tannin,  is  that  formed 
from  resins  and  some  other  substances,  by  the  repeated 
action  of  nitric  acid,  favoured  by  a  high  temperature,  or  by 
distilling  tlie  acid  repeatedly  from  them.  It  is  not  there- 
fore so  easily  formed,  and  the  quantity  of  it  produced  is 
always  less.  Its  formation,  as  Mr  Hatchet  has  conjectur- 
ed, probably  depends  on  the  oxygen  of  the  acid  attracting 
the  hydrogen  of  the  resin,  and  forming  water,  and  thus 
leaving  an  excess  of  carbon,  which  is  then  acted  on  by  the 
acid,  so  as  to  be  converted  into  tannin,  in  nearly  the  same 
manner  that  charcoal  is.  There  is  a  slight  difference, 
however,  between  this  and  the  first  variety,  particularly 
in  the  precipitates  which  it  forms  with  gelatin,  which  are 
always  of  a  yellow  colour,  pale  or  deep,  while  those  form- 
ed by  the  other  are  coiistantly  brown ;  whence  he  con- 
cludes, that  the  different  colours  of  .:he  precipitates  depend 
on  the  state  of  the  carbon  of  the  tannin. 

The  third  variety  produced  by  the  action  of  sulphuric 
acid  on  resins,  balsams,  and  similar  substances,  is  inferior, 
in  the  energy  of  its  action  on  gelatin  and  skin,  to  the  first 
variety  ;  it  is  converted  into  it,  by  the  action  of  nitric  acid. 
By  the  continuance  of  the  action  of  sulphuric  acid,  it  is 
decomposed  and  converted  into  coal. 
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The  first  variety  of  tannin  afforded,  when  decomposed 
by  heat,  products  analogous  to  those  of  animal  matter. 
First  a  Uttle  water,  with  a  small  quantity  of  nitric  acid 
came  over,  then  a  small  portion  of  a  yellowish  oil :  on 
raising  the  heat,  a  large  quantity  of  elastic  fluid  came 
over  suddenly,  which  was  principally  ammonia  •,  and  car- 
bonic acid  gas,  with  a  little  nitrogen,  were  afterwards 
slowly  disengaged.  A  bulky  coal  remained,  which  on  in- 
cineration afforded  a  little  lime.  Carbon  therefore  ap- 
pears to  be  its  basis,  with  which  are  combined  oxygen, 
hydrogen,  and  nitrogen.  The  third  variety,  Mr  Hatchet 
remarks,  from  the  mode  of  its  formation,  does  not  appear 
to  contain  nitrogen  •,  and  this,  he  adds,  may  perhaps  be  the 
cause  of  its  less  powerful  action. 

From  the  facility  with  whicii  some  vegetable  substances, 
after  being  charred,  are  converted  into  tannin  by  nitfic 
acid,  Mr  Hatchet  supposes,  that  some  such  method  may 
be  economically  employed  in  practice.  After  extracting  the 
tannin  from  oak  bark,  by  repeated  maceration  in  different, 
portions  of  water,  the  remaining  matter  was  dried  and 
moderately  roasted.    It  was  then  moistened  with  diluted 
nitric  acid,  which  was  evaporated  in  a  heat  not  much  ex- 
ceeding 300°,  until  the  bark  became  dry.    This  was  di- 
gested in  water,  and  formed  a  yellowish  brown  liquor, 
which  abundantly  pi-ecipitated  gelatin.  The  operation  was 
repeated  on  the  residual  bark  with  the  same  result  •,  so 
that  it  might  evidently  have  been  continued  until  the 
whole  of  the  bark  had  been  converted  into  tannin.  Peat, 
which  consists  of  vegetabl^^  matter  in  a  carbonized  state, 
affords  a  large  quantity  of  tannin,  by  such  a  process,  with 
great  facility ;  and  the  tanning  quality  of  the  v^^ater  of  peat 
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moors,  Mr  Hatchet  conjectures,  may  be  derived  from  some 
spontaneous  change  of  a  similar  nature 


The  art  of  tanning,  or  converting  the  skin  of  animals  ^ 
into  leather,  depends  on  the  operation  of  the  principle,  the 
chemical  history  of  which  has  now  been  given,  and  has 
been  elucidated  by  the  discoveries  made  with  regard  to  it. 
Tanning  is  nothing  more  than  combining  tannin  with  the 
gelatin,  which  is  the  bnsis  of  -the  skin  ;  and  all  the  mani- 
pulations of  the  art,  are  directed  to  facilitate  or  effect  this 
combination.  A  concise  account  of  these,  I  take  princi- 
pally from  a  memoir  by  Mr  Davy  on  this  subject -j-. 

The  skin  requires  to  be  prepared  for  the  action  of  the 
tanning  liquor,  by  freeing  it  from  the  hair  and  other  ex- 
traneous matter.  This  is  done  by  washing  it,  and  in  some 
cases  by  inducing  a  slight  degree  of  putrefaction,  by  which 
the  epidermis  is  loosened,  and  the  hair  more  eaally  detach- 
ed. More  generally  it  is  effected  by  the  action  of  lime ; 
the  lime  being  diffused  in  water,  and  the  skin  steeped  in 
it  :  its  agency,  from  Mr  Davy's  investigation  of  the  sub- 
ject, appears  to  depend  on  the  lime  combining  with  the 
cuticle,  and  forming  a  compound,  which  is  loose  and  fria- 
ble. The  fat  and  oily  matter  form  with  the  lime,  too,  sa- 
ponaceous compounds,  and  are  thus  removed. 

After  the  skin  has  been  cleaned, it  is  submitted  toother 
operations,  before  it  is  immersed  in  the  tan  liquor.  Ac- 
cording to  Mr  Davy's  account  of  the  practices  of  the  art. 
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the  large  and  thick  hides  which  have  undergone  incipient 
putrefaction,  are  introduced  for  a  short  time  into  a  strong 
infusion  of  oak  bark,  and  after  this  they  are  acted  on  by 
water  impregnated  with  a  Httle  sulphuric  or  acetic  acid, 
in  consequence  of  which  they  become  harder  and  denser 
than  before,  and  fitted,  after  being  tanned,  for  the  pur- 
pose of  forming  the  stor.ter  kinds  of  sole  leather.  The 
lighter  and  thinner  skins  are  treated  in  a  different  manner : 
after  having  been  subjected  to  the  action  of  lime,  they  are 
macerated  in  a  ley  formed  from  the  infusion  of  pigeons 
dung  in  water,  which  contains  a  little  carbonate  of  ammo- 
nia ;  the  hardness  they  had  acquired  from  the  lime  is  thus 
removed,  and  they  become  quite  soft. 

The  tanning  liquor  is  prepared  by  infusing  bruised  oak 
bark  in  water :  and  skins  are  tanned,  by  being  successive- 
ly immersed  in  such  infusions,  saturated  in  different  de- 
grees with  the  astringent  principles  of  the  bark.  The  firstr 
leys  are  weak,  but  towards  the  completion  of  the  process, 
they  are  used  as  strong  as  possible  ;  and  in  preparing  stout 
sole  leather,  the  skins  are  kept  in  an  ooze,  approaching 
to  saturation,  by  means  of  layers  of  oak  bark. 

The  infusion  of  oak  bark,  especially  that  obtained  by 
the  first  maceration,  contains  principally  tannin  and  ex- 
tractive matter  any  gallic  acid,  if  present,  as  has  been 
supposed,  being  in  inconsiderable  proportion.  In  the 
course  of  the  maceration  of  the  skins  in  these  liquors,  the 
tannin  combines  gradually  with  the  gelatin,  which,  in  an 
organized  form,  principally  constitutes  the  skin,  and  forms 
with  it  a  compound  insoluble  in  water,  dense  and  imper- 
meable to  that  fluid,  while  it  possesses  a  certain  degree  of 
elasticity.    The  extractive  matter  also  enters  into  the 


OF  TANNIN.  289 

combination  ;  for  when  skin  in  large  quantity  has  exerted 
its  fuU  action  on  a  small  quantity  of  infusion,  it  at  length 
abstracts  the  whole  dissolved  matter,  and  renders  it  colour- 
less. From  this  extractive  matter  colour  is  derived,  and 
the  skin  may  perhaps  be  rendered  more  dense.  The  gal- 
lic acid  was  supposed  by  Seguin  *,  to  facilitate  the  com- 
bination by  de-oxidizing  the  skin,  but  of  this  there  is  no 
proof  j  and  the  operation,  it  appears,  can  be  performed 
sufficiently,  though  this  acid  is  not  present  in  the  tan  li- 
quor. 

The  operation  of  tanning,  as  now  described,  requires  a 
number  of  months,  from  the  skins  being  successively  and 
slowly  introduced  into  infusions  of  different  degrees  of 
Strength.  Seguin,  after  his  discovery  of  tannin,  proposed 
to  abridge  the  process,  by  introducing  the  skins  more 
speedily  into  strong  infusions  of  the  tanning  substance ; 
and  in  this  way,  according  to  the  excellent  report  given 
on  the  art  of  tanning,  by  Pelletier  and  Lelievre  f ,  the 
whole  could  be  finished  in  about  twenty  days,  and  leather 
obtained  equal  in  quality  to  that  prepared  by  the  old  me- 
thod. There  is  reason,  however,  to  doubt  of  the  superio- 
rity of  this  new  method.  Mr  Nicholson,  in  some  obser- 
vations on  this  subject,  when  a  patent  was  taken  out  for 
Seguin's  method  in  this  country  ^,  stated,  that  from  in- 
formation acquired  from  the  manufacturers,  he  found  that 
they  had  previously  been  sufficiently  acquainted  with  the 
powers  of  the  strong  tanning  infusions ;  and  that  it  had 
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even  been  proposed  to  employ  them  so  as  to  abridge  the 
process.  But  the  leather  thus  prepared  was  not  eqt'lzl  to 
that  prepared  In  the  old  method.  The  advantage  of  the 
slow  and  gradual  process,  appears  to  be,  that  the  substance 
of  the  skin  is  penetrated,  and  equally  changed  ;  while  in 
the  more  rapid  method  the  external  parts  must  be  more 
acted  on  and  the  texture  probably  will  be  more  unequal. 
It  appears  also  from  Mr  Davy's  experiments,  to  combine 
with  a  larger  quantity  of  the  extractive  matter  contained 
in  the  astringent  infusion  ;  and  hence  the  advantage  of  the 
immersions  in  the  weak  liquors,  as  these  contain  more  of 
this  than  the  strong  infusions.  It  must  be  confessed,  how- 
ever, that  for  any  thing  theory  can  discover,  the  common 
process  appears  to  be  unnecessarily  protracted,  and  some 
advantage  might  probably  be  derived  from  adopting  some 
of  the  manipulations  of  Seguin. 

The  skin  in  drying  increases  in  weight,  from  the  fixa- 
tion of  the  vegetable  matter  :  the  quantity  of  this  is  from 
one-fifth  to  one-third  of  its  weight.  The  increase  is 
greater,  according  to  Mr  Davy's  experiments,  from  quick 
than  from  slow  tanning.  In  the  latter,  he  supposes  more 
of  the  extractive  matter  enters  into  combination,  and  this, 
weaker.ing  the  attraction  of  the  skin  to  tannin,  less  of  it  is 
absorbed,  and  thus  less  vegetable  matter  enters  into  the 
composition  of  the  leather.  Probably  also,  in  the  slow 
process,  more  of  the  animal  matter  is  removed. 

Other  substances  are  used  in  tannin,  as  the  bark  of  the 
willow,  elm,  and  other  trees,  and  even  galls  and  catechu. 
The  leather  prepared  from  these  varies  in  colour,  and  in 
some  other  external  qualities. 

Another  application  of  tannin  is  in  the  composition  of 
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writing  ink.  This  is  formed  from  galls  and  sulphate  of 
iron  macerated  in  water,  a 'quantity  of  gum  arable  being 
added  to  prevent  the  liquid  from  being  too  thin.  It  was 
imagined  formerly,  that  the  black  colour  was  produced 
from  the  action  of  the  gallic  acid  on  the  oxide  of  iron  ; 
but  as  this  acid  is  inferior  to  tannin  in  producing  this  co- 
lour, and  as  so  much  tannin  exists  in  the  gall  nut,  it  is 
chiefly  from  this  principle,  in  combination  with  the  oxide 
of  iron,  that  the  colour  must  arise  ;  the  sulphuric  acid 
probably  contributing  to  the  solubility  of  the  compound. 
The  iron  requires,  for  the  full  production  of  this  colour, 
to  be  at  the  maximum  of  oxidizcment ;  and  hence  ink, 
when  first  prepared  from  the  green  sulphate,  is  of  a  paler 
colour  than  it  afterwards  assumes.  The  vegetable  matter 
is  liable  to  slow  decomposition  :  hence  the  mouldiness  of 
ink  when  it  Is  long  kept,  and  the  decay  of  it  by  age,  so 
that  manuscripts  at  length  become  illegible.  The  colour 
may  be  in  some  measure  restored  in  such  a  case,  by  spread- 
ing over  the  paper  a  dilute  infusion  of  galls  ;  or  a  blue  co- 
lour may  be  produced,  and  the  letters  rendered  visible  by 
a  dilute  solution  of  au  alkaline  prussiate.  On  this  sub- 
ject, some  observations  were  made  by  Blagden  *. 

Tannin  must  also  be  regarded  as  the  basis  of  the  black 
dyes,  these  being  obtained  from  sulphate  of  iron,  acted  on 
by  infusions  of  galls,  or  other  astringents. 

Tannin,  it  has  been  supposed,  as  a  test  of  gelatin,  may 
sometimes  afford  information  of  importance  in  cases  of 
morbid  affection,  as  it  can  discover  the  presence  of  that 
principle,  and  even'  its  quantity  in  the  secreted  fluids. 


*  Pliilosophical  Transactions,  vol.  Ixxvii.  p.  451. 
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Thure  exist  in  the  juices  of  many  vegetables,  especial- 
ly in  their  fruits,  at  certain  states  of  maturity,  compounds 
possessed  of  the  general  acid  properties  :  And  such  acids 
are  likewise  found  combined  with  some  of  the  proximate 
vegetable  principles ;  or  united  with  the  alkalis  or  earths, 
forming  what  have  been  named  the  EssentialSalts  of  Plants. 
These  native  vegetable  acids  have  been  classed  together  j 
as  they  have  a  certain  resemblance  in  their  properties,  and 
in  chemical  composition.  They  are  not  however  to  be  re- 
garded as  mere  varieties  of  a  species  :  each  forms  a  species, 
or  peculiar  proximate  principle,  perfectly  distinct,  and  with 
differences  as  important  as  exist  among  the  other  imme- 
diate principles  of  plants.  Seven  acids  of  this  kind  have 
been  distinguished, — the  Gallic,  Citric,  Malic,  Oxalic, 
Tartaric,  Benzoic,  and  Acetic.  To  these  may  perhaps  be 
added  the  Moroxylic  acid,  which  has  been  more  recently 
distinguished,  and  the  Prussic,  though  this  more  properly 
belongs  to  the  animal  kingdom. 

These  acids  are  of  similar  composition  :  they  have  a 
compound  base  of  carbon  and  hydrogen  existing  in  each 
in  certain  proportions,  and  acidified  by  oxygen  ;  hence, 
by  subjecting  them  to  operations  in  which  the  proportions 
are  altered,  they  are  converted  into  each  other.  The  ma- 
lic, citric,  gallic,  and  perhaps  some  of  the  others,  are  thus 
convertible  into  the  oxalic.  When  subjected  to  destruc- 
tive distillation,  they  afford  much  empyreumatic  acetic 
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acid  ;  and  they  are  probably  to  be  regarded  as  the  most 
highly  oxygenized  of  the  vegetable  products. 

The  Gallic  Acid,  the  history  of  which  is  to  be  given 
in  this  section,  it  has  already  been  remarked,  has  an  inti- 
mate connection  with  tannin.  They  generally  exist  to- 
gether ;  either  of  them  is  seldom  found  in  any  vegetable 
without  a  portion  of  the  other,  and  it  is  not  yet  certain, 
if  gallic  acid  has  been  obtained  perfectly  pnre. 

This  acid  exists  in  largest  quantity  in  the  gall  nut, 
whenceit  has  received  its  name.  The  infusion  of  this 
substance,  it  had  been  observed  by  the  Dijon  Academi- 
cians, has  some  of  the  properties  of  an  acid  ;  it  reddens 
the  infusion  of  litmus:  they  farther  found,  that  this  prin- 
ciple is  raised  by  distillation,  the  product  of  this  operation 
striking  a  black  colour  with  salts  of  iron }  and  that  its  so- 
lution in  water  precipitates  the  alkaline  sulphurets,  and 
decomposes  metallic  solutions  *.  Scheele  first  obtained 
the  acid,  however,  in  an  insulated  form,  and  described  its 
properties.  He  observed,  that  an  infusion  of  galls  had  de- 
posited a  sediment  of  a  grey  colour,  and  of  a  crystalline 
appearance,  which  had  an  acid  but  not  astringent  taste, 
and  which  precipitated  sulphate  of  iron  black.  To  inves- 
tigate the  nature  of  this  salt,  he  allowed  a  strong  infusion 
of  galls  to  remain  in  a  vessel  imperfectly  closed  for  some 
months.  A  thick  mould  was  at  first  formed  on  its  sur- 
face ;  its  astrinfent  taste  diminished,  and  its  sourness  in- 
creased :  a  sediment  was  at  length  collected  at  the  bot- 
tom :  this  was  washed  with  cold  water,  and  then  as  much 
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boiling  water  poured  on  it  as  was  sufficient  to  dissolve  it. 
Oir  evaporating  the  filtered  solution  by  a  gentle  heat,  a 
salt  was  obtained,  partly  in  tTie  form  of  a  fine  sand,  and 
partly  in  the  form  of  radiated  crystals,  of  a  grey  colour 
which  was  not  removed  by  repeated  solutions  and  crystal- 
lizations. This  substance  has  been  regarded  as  Gallic 
Acid  *. 

Other  methods  have  been  employed  to  obtain  it,  less 
tedious,  and  affording  it,  perhaps,  in  a  state  of  greater  pu- 
rity. Scheele  observed,  that  when  galls  are  distilled  with 
a  strong  heat,  an  acid  liquor  first  passes  over,  and  after- 
wards a  saline  matter  rises,  possessed  of  the  properties  of 
gallic  acid.  This  method  has  been  employed  by  Deyeux  ; 
heat  being  slowly  applied  to  powder  of  gall  nuts  in  a  glass 
retort.  At  first  a  limpid  fluid  condenses  in  the  receiver, 
and  afterwards  crystals  of  a  white  colour  condense  in  the 
upper  part  of  the  vessel  :  the  heat  is  stopt  whenever  the 
crystals  towards  the  lower  part  begin  to  melt,  as,  if  con- 
tinued longer,  a  portion  of  oil  is  volatilized,  and  renders 
them  impure. 

Several  other  processes  have  been  proposed.  Mr  Davy 
found,  that  when  carbonate  of  b;irytes  is  boiled  with  an 
infusion  of  gall  nut,  it  affords  a  bluish  green  liquor,  which 
appears,  from  the  common  tests,  to  contain  neither  tannin 
nor  extract.  When  diluted  sulphuric  acid  is  dropt  into 
this  liquor,  it  becomes  turbid ;  sulphate  of  barytes  is  pre- 
cipitated; and,  after  filtration,  if  the  saturation  of  the  eartli 
be  perfect,  a  colourless  solution,  apparently  pure,  is  ob- 
tained f.  Mr  Fiedler  has  employed  the  affinity  of  another 


*  Crell's  Chemical  Journal,  vol.  i.  p.  24. 
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t^arth,  argil,  to  abstract  the  tannin  and  extract,  from  the 
gallic  acid  of  the  infusion  of  galls,  He  boils  an  ounce  of 
galls  in  sixteen  ounces  of  water,  until  half  the  quantity  of 
liquid  is  evaporated  :  he  adds  to  this  the  quantity  of  argil 
obtained  from  the  decomposition  of  two  ounces  of  alum 
by  an  alkaline  solution,  agitating  them  frequently.  After 
twenty-four  hours,  the  liquor  being  filtered,  passed  colour- 
less,— a  proof  that  the  extract  had  been  abstracted  and 
it  was  not  rendered  turbid  by  solution  of  gelatin, — a  proof 
that  the  tannin  had  also  been  removed.  This  liquor  be- 
ing concentrated  by  evaporation,  afforded  the  pure  gallic 
acid  in  acicular  crystals  *.  Richter  has  given  another 
process,  in  which  an  infusion  of  galls  in  cold  water  is 
evaporated  to  dryness.  Pure  alkchol  is  poured  on  the  dry 
matter  :  it  dissolves  the  gallic  acid,  and  leaves  the  tannin 
undissolved  :  the  alkohol  is  distilled  from  the  solution  to 
nearly  a  solid  mass.  Water  is  added  to  this,  and  a  gentle 
heat  applied.  A  solution,  clear,  and  almost  colourless, 
is  obtained,  which,  by  evaporation,  affords  small  white 
prismatic  crystals  of  gallic  acid,  about  half  an  ounce  of 
them  being  obtained  from  a  pound  of  galls  f . 

It  is  very  doubtful,  whether,  by  any  of  these  processes, 
gallic  acid  is  obtained  free  from  other  principles.  As  ob- 
tained by  the  first  process,  that  of  Scheele's,  it  always,  as 
has  been  remarked  by  Berthollet,  retains  a  portion  of  tan- 
nin. He  endeavwired  to  abstract  this  by  the  action  of 
oxide  of  tin,  and  Proust  employed  muriate  of  tin  for  the 


*  Nicholson's  .  ournal,  8vo,  vol.  i.  p.  ?37. 
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same  purpose,  dropping  it  into  the  solution  of  the  acid, 
while  any  flocculi  precipitate,  and  evaporating  the  filtered 
liquor,  till  on  cooling  it  afforded  crystals  *.  But  La- 
grange found  by  experiment,  that,  if  a  small  quantity  of 
oxide  of  tin  were  employed,  the  tannin  is  not  completely 
abstracted  ;  and  if  a  larger  quantity  were  used,  the  gallic 
acid,  as  well  as  the  tannin,  is  decomposed  •,  the  filtered 
solution  neither  precipitating  gelatin,  nor  sulphate  of  iron, 
and  affording  no  gallic  acid  by  evaporation  f.  The  pro- 
cess of  Fiedler,  in  which  the  afiinity  of  argil  is  employed 
to  abstract  the  tannin,  Mr  Davy  found  to  be  deficient ; 
the  filtered  liquor,  after  the  argil  had  acted  on  it  in  the 
cold,  gave  a  slight  precipitate  with  gelatin  ;  while,  if  the 
argil  were  boiled  with  it,  the  gallic  acid  itself  was  abstract- 
ed. The  action  of  barytes  is  probably  liable  to  the  same 
difficulty.  The  method  of  Richter  was  found  by  Lagrange 
not  to  succeed,  the  acid  either  not  being  purified  from  the 
tannin,  or  being  decomposed.  There  remains,  therefore, 
only  the  process  by  sublimation  ;  and  it  is  still  to  be  de- 
termined, whether  the  crystallized  substance  obtained  by 
this  process  is  the  pure  gallic  acid. 

Lagrange  has  compared  it  with  the  crystallized  acid  ob- 
tained by  the  process  of  Scheele.  The  latter  he  found 
imparted  to  water  a  slight  lemon  colour,  which  becomes 
deeper  by  the  action  of  the  air  •,  it  reddens  infusion  of  lit- 
mus ;  lime  water  produces  in  it  a  blue  colour,  which 
changes  to  that  of  peach  bloom  if  the  lime  water  be  in 
excess,  and  to  a  rose  colour  on  the  addition  of  nitric  acid. 


*  Journal  de  Physique,  torn.  Ixi.  p,  107. 
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The  same  phenomena  take  place  with  water  of  barytes. 
Potash  changes  it  to  a  deep  brown,  and  ammonia  to  a  red- 
dish brown.  With  green  sulphate  of  iron  it  gives  a  violet 
blue  i  with  nitrate  of  mercury  it  gives  a  yellow  precipi- 
tate i  with  acetate  of  lead  and  muriate  of  tin,  one  that  is 
white.  It  is  not  altered  by  oxymuriatic  acid.  It  gives  a 
copious  precipitate  with  glue.  With  the  acid  prepared  by 
Richter's  process,  the  results  from  these  re-agents  were 
similar. 

The  sublimed  odd,  Lagrange  found,  when  dissolved 
in  water,  to  emit  an  aromatic  odour,  and  a  slightly  oily 
pellicle  appeared  on  its  surface.  Its  solution  becomes 
brown  on  exposure  to  the  air  ;  it  faintly  reddens  infusion 
of  litmus  i  lime  water  in  excess,  and  barytes,  give  it  a 
fawn  colour :  Potash  and  ammonia  render  it  brown. 
Sulphate  of  iron  dropt  into  it  produces  a  blue  colour,  which 
soon  changes  to  a  violet  blue  ;  sometimes  the  colour,  in- 
stead of  being  blue,  is  a  deep  green,  apparently  from  the 
degree  of  oxidation  of  the  metal  ;  and  from  the  action  of 
muriate  of  iron  it  is  always  so.  With  nitrate  of  mercury  the 
precipitate  is  blackish  \  with  acetate  of  lead  it  is  fawn  co- 
loured and  very  light ;  muriate  of  tin  produces  no  change  \ 
oxymuriatic  acid  gives  its  solution  a  brown  tinge  i  and  an 
excess  deprives  it  of  colour.   It  does  not  precipitate  glue  *. 

These  differences  do  not  appear  very  important,  and 
their  causes  may  probably  be  pointed  out.  The  sublimed 
acid  appears  to  contain  a  small  portion  of  volatile  oil, 
whence  the  odour  of  its  solution,  and  probably  some  of 
the  phenomena  displayed  in  the  effects  of  re-agents  upon 
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it  mny  arise.  The  crystallized  acid  obviously  contains 
tannin,  whence  it  precipitates  gelatin  abundantly,  and  to 
this  some  of  its  other  properties  may  be  ascribed.  It  ap- 
pears also  to  be  more  powerfully  acid,  and  it  is  not  impro- 
b;ible  tliat  this  may  be  owing  to  a  portion  of  some  other 
vegetable  acid  (tlie  acetic,  as  Lagrange  conjectures)  ad- 
horing  to  it.  From  these  differences,  it  is  probable  that  the 
sublimed  acid  is  that  which  approaches  nearest  to  purity  ; 
tliough  it  is  also  possible,  that  by  the  process  of  sublima- 
tion it  may  have  experienced  some  change. 

From  some  farther  experiments,  Lagrange  has  advanced 
the  opinion,  that  the  gallic  acid  obtained  by  Scheele's  pro- 
cess is  a  compound  of  acetic  acid  with  tannin  and  ex- 
tractive matter  ;  the  sublimed  acid  being  also  the  acetic 
combined  with  iess  of  these  principles,  and  having  united 
with  it  a  little  volatile  oil.  The  only  proofs  given  of  this 
opinion  are,  that  on  distilling  galls  either  with  or  without 
water,  ain  acid  liquid  was  obtained,  which,  when  satura- 
ted with  potash,  evaporated,  and  decomposed  by  sulphuric 
acid,  gave  indications  of  acetic  acid  ;  and  acetic  acid 
was  also  afforded  from  the  decomposition  by  heat  of 
the  alkaline  and  earthy  g.tllates,  —  facts  which  might  be 
admitted,  without  the  conclusion  following,  that  gal- 
lic acid  is  merely  a  form  of  acetic  acid.  It  cannot 
be  regarded  as  at  all  probable,  that  acetic  acid,  by  com- 
bination with  tannin  or  extract,  should  acquire  the  pro- 
perty of  crystallizing ;  and  the  opinion  of  Lagrange  rests 
indeed  principally  on  the  vague  hypothesis,  that  acetic  a- 
cid  is  the  basis  of  all  the  vegetable  acids.  It  is  at  the 
same  time  to  be  admitted,  that  there  is  some  obscurity 
with  regard  to  the  nature  of  gallic  acid,  and  its  chemical 
lilstory  is  even  in^perfcct,  as  it  relates  to  its  properties. 
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from  the  uncertainty  of  its  having  been  obtained  in  a  pure 
state.  This  requires  to  be  kept  in  view  in  the  following 
account  of  its  chemical  relations. 

The  acid  in  its  purest  state  is  of  a  white  colour,  and 
crystallizes  in  slender  prisms  j  its  taste  is  sour;  and  its 
solution  reddens  the  vegetable  colours,  and  excites  effer- 
vescence with  the  alkaline  carbonates. 

It  is  soluble,  according  to  Scheele's  experiments,  in  its 
weight  and  a  half  of  boiling  water:  the  solution  as  it  cools 
becomes  turbid,  from  the  formation  of  small  crystals  ; 
and  it  requires  2i-  parts  of  cold  water  for  its  solution.  It 
is  more  soluble  in  alkohol :  dissolving  in  its  own  weight 
when  the  alkohol  is  boiling,  and  requiring  about  four  parts 
when  the  alkohol  is  cold. 

When  exposed  to  heat,  it  fuses,  giving  an  agreeable  o- 
dour,  and  leaving  a  hard  coal,  which  is  with  difBculty  re- 
duced to  ashes.  When  the  operation  is  performed  in  a 
retort,  after  it  has  melted,  an  acid  liquor  comes  over,  with- 
out any  oil ;  and  a  portion  of  it  sublimes,  remaining  fluid 
while  the'  neck  of  the  retort  is  hot,  but  shooting  into  cry- 
stals as  it  cools.  A  large  quantity  of  charcoal  remains 
in  the  retort.  The  sublimed  acid  has  nearly  the  same 
taste  and  odour^as  the  acid  of  benzoin,  and,  as  has  already 
been  remarked,  differs  somewhat  from  the  other  in  chemi- 
cal properties.  Deyeux  stated,  that,  during  the  decomposi- 
tion of  this  acid  by  heat,  an  aeriform  fluid  is  disengaged, 
■which  contains  oxygen  gas  in  larger  proportion  than  at- 
mospheric air ;  he  concluded,  that  it  consists  of  carbon  and 
oxygen,  since  it  is  resolved  into  these  in  its  decomposition; 
and  that  it  contains  more  carbon  than  carbonic  acid  *.  Ber- 
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thollet  obtained  no  oxygen  gas  from  its  decomposition ; 
and  Lagrange  found,  that  the  elastic  fluid  disengaged  has 
an  intermixture  of  carburetted  hydrogen.  Hydrogen  there- 
fore exists  in  the  composition  of  this  acid,  though  the  pro- 
portion of  carbon  ir  contaius  is  undoubtedly  large.  Scheele 
found,  that  by  treating  it  with  nitric  acid  in  the  usual 
manner,  it  is  converted  into  oxalic  acid. 

This  acid  combines  with  the  alkalis  and  earths,  forming 
salts  denominated  Gallates,  the  properties  of  which  have 
been  little  examined.  Richter  has  remarked,  that  the  al- 
kaline gallates  form  black  precipitates  with  solutions  of 
iron,  and  likewise  precipitate  all  other  metallic  solutions. 
Lagrange  has  stated,  that  they  scarcely  precipitate  glue, 
even  when  the  acid  from  which  they  are  formed  precipi- 
tates it  copiously,  owing  no  doubt  to  the  tannin  which  is 
present  being  retained  in  combination  with  the  saline  mat- 
ter. The  alkaline  gallates  have  a  considerable  degree  of 
solubility  •,  they  have  often  a  green  colour,  probably  from 
impregnation  of  foreign  matter. 

Scheele  remarked,  that  gallic  acid  precipitates  metals 
from  their  solutions  of  different  colours  ;  and  he  added 
several  facts  with  regard  to  these  precipitations,  which, 
however,  are  of  less  value,  as  the  acid  he  employed  must 
have  contained  tannin.  Its  solution  gives  a  dark  green  co- 
lour to  a  solution  of  gold,  and  makes  it  deposite  by  degrees 
a  brown  powder,  which  is  gold  revived.  A  solution  of 
silver  is  rendered  brown,  and  deposites,  if  warm,  a  grey 
powder,  which  is  silver  in  its  metallic  state.  A  solution 
of  mercury  is  precipitated  of  an  orange  yellow.  A  solu- 
tion of  copper  yields  a  brown  sediment.  Acetated  lead 
is  precipitated  of  a  white  colour.    Bismuth  gives  a  lemon 
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coloured  precipitate.  The  acid  of  molybdxna  becomes  of 
a  dark  yellow,  without  any  precipitation.  Platina,  zinc, 
the  acid  of  arsenic,  tin,  cobalt,  and  the  regulus  of  manga- 
nese, undergo  no  change  *. 

Gallic  acid  gives  a  black  colour  with  the  salts  of  iron  ; 
the  precipitate  on  which  this  depends  is,  as  Proust  has  re- 
marked, much  finer,  and  remains  longer  suspended  than 
that  from  tannin.  In  this  action,  the  gallic  acid  appears 
to  have  nearly  the  same  relation  to  the  oxide  that  tannin 
has.  When  added  to  the  solution  of  the  pure  and  neu- 
tral green  sulphate,  it  produces  no  change  of  colour  imme- 
diately, but,  from  exposure  to  the  air,  the  dark  colour  ap- 
pears. According  to  Proust's  view  of  the  subject  f,  this 
is  owing  to  the  iron  in  the  green  sulphate  not  being  suf- 
ficiently oxidized  to  form  the  coloured  compound  ;  and 
exposure  to  the  atmosphere  produces  the  colour,  by  pro- 
ducing this  h'gher  oxidizement  of  the  metal.  Berthollet 
has  contended,  however,  that  other  causes  operate  in  the 
production  of  this  coloured  combination,  and  that  the 
theory  of  it  is  not  so  simple.  He  has  remarked,  that,  if 
the  acid  has  been  added  to  the  solution  of  the  sulphate  of 
iron  without  producing  the  dark  colour,  it  appears  on  large 
dilution  with  water,  or  on  the  addition  of  a  little  alkali 
without  the  contact  of  the  air  ;  or  if  a  little  iron-filings 
be  put  into  a  flask  of  the  mixed  solutions,  colour  is  acquir- 
ed rapidly,  though  their  effect  must  be  de-oxidizing.  He 
supposes,  therefore,  that  the  gallic  acid  does  not  form  the 
black  coloured  precipitate  with  the  green  sulphate  of  iron. 


•  Crell's  Chemical  Journal,  vol.  i.  p.  28. 
f  Nicholson's  Journal,  4to,  vol.  i.  p.  458. 
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not  from  the  low  state  of  oxidlaement  merely,  but  because 
the  sulphuric  acid  exerts  too  strong  an  affinity  to  the  black 
oxide.  But  if  the  action  of  the  sulphuric  acid  be  weak- 
ened by  a  sufficient  quantity  of  water,  by  an  alkali,  or  by 
iron  acting  on  it,  then  the  oxide  may  combine  with  the 
gallic  acid  ;  and  a  higher  degree  of  oxidizement,  such  as 
that  which  exists  in  the  red  sulphate,  favours  the  combi- 
nation, from  the  metal  in  that  state  having  a  less  strong 
attraction  to  the  sulphuric  acid,  though  he  also  admits, 
that  highly  oxidated  iron  produces  a  deeper  colour  with 
gallic  acid  than  iron  in  a  lower  state  of  oxidation  *.  Rich- 
ter  has  adopted  the  same  views,  and  has  maintained,  that, 
when  a  solution  of  gallic  acid  immediately  forms  a  black 
precipitate  in  neutral  solutions  of  iron,  it  is  not  pure,  and 
commonly  contains  tannin,  which  combines  with  the  sul- 
phuric  acid,  and  separates  from  it  the  oxide  of  iron,  whicli 
then  combines'  with  the  gallic  acid  f .  And  it  is  not  im- 
probable, but  that  the  colour  which  this  acid  produces  with 
the  salts  of  iron,  may  in  all  cases  be  owing  to  a  portion 
of  tannin,  which  remains  combined  with  it. 

According  to  Proust,  gallic  acid  dissolves  tannin,  or  ra- 
ther renders  it  more  soluble  in  water.  Partly  from  this, 
and  partly  from  both  principles  forming  compounds  with 
oxide  of  iron  of  a  black  colour,  arises  the  advantage  de- 
rived from  their  combination  in  the  formation  of  inks  and 
black  dyes,  or  the  superiority  of. a  mere  infusion  of  a  ve- 
getable astringent  containing  both,  as  the  gall  nut,  to  the 
use  of  either  in  a  purer  state.    These  applications,  which 


*  Chemical  Statics,  vol,  ii.  p.  232. 

t  Philosop'iical  Magazine,  vol,  xxiii.  p.  75. 
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only  partly  depend  on  the  agency  of  gallic  acid,  have  been 
already  taken  notice  of  under  the  history  of  tannin. 


SCCT.  XVI. 

OF  M.\  Lie  ACID. 

ScHEELE,  in  examining  the  acid  juices  of  unripe  fruits, 
found  that  they  consisted  of  two  acids,  mingled  in  differ- 
ent proportions  j  one,  which,  existing  in  abundance  in  the 
fruit  of  the  lemon,  he  named  Acid  of  Lemons,  and  to 
which  the  name  of  Citric  Acid  has  since  been  given ;  the 
other,  which,  from  composing  principally  the  juice  of  un- 
ripe apples,  he  named  Acid  of  Apples,  and  which  has  since 
received  the  appellation  of  Malic  Acid,  The  fruit  of  the 
gooseberry,  of  currants,  bilberries,  cherries,  strawberries, 
and  raspberries,  contain  nearly  equal  quantities  of  both 
acids :  cranberries,  whortleberries,  birdcherriesj  and  dog- 
hips,  contain  the  citric,  with  little  of  the  malic  acid  ;  while 
the  juice  of  the  barberry,  elderberry,  sloe,  and  plumb, 
consists  of  the  malic  acid,  with  little  or  no  traces  of  the 
citric.  It  is  probable,  however,  that  the  proportions  of 
these  in  the  same  fruit  vary  at  different  periods  of  vegeta- 
tion, and  may  be  altered  by  culture  and  climate.  The 
history  of  the  Malic  acid  is  first  to  be  given. 

The  process  which  Scheele  gave  for  its  extraction  is  to 
'•saturate  the  expressed  juice  of  unripe  apples  by  the  addi- 
tion of  carbonate  of  potassa  :  to  the  saturated  liquid,  ace- 
tate of  lead  is  added,  as  long  as  there  is  any  precipitation: 
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the  precipitate,  which  is  the  compound  of  malic  acid,  and 
oxide  of  lead,  is  washed,  and  diluted  sulphuric  acid  added 
until  the  mixture  has  a  perfectly  acid  taste,  without  any 
sweetness  :  the  malic  acid  thus  disengaged  is  separated  by 
filtration  from  the  sulphate  of  lead  *'. 

When  it  exists  in  fruits  in  combination  with  citric  acid, 
the  process  which  Scheele  employed  to  separate  them, 
was  to  evaporate  the  expressed  juice  to  the, consistence  of 
honey,  and  then  dissolve  it  in  alkohol :  the  mucilaginous 
matter  was  thus  removed,  and  the  two  acids  existed  in  the 
solution.  This  being  filtrated,  the  alkohol  was  evaporated, 
and  to  the  remaining  acid  fluid  twice  its  weight  of  water 
was  added.  It  was  then  saturated  with  chalk  :  the  citric 
acid  forms  with  the  lime  of  the  chalk  an  insoluble  com- 
pound, which  is  precipitated,  the  precipitation  being  pro- 
moted by  boiling  the  liquor  a  little.  The  compound  of 
lime  and  malic  acid  which  remained  in  solution  was  pre- 
cipitated by  alkohol,  and  washed  with  that  fluid,  to  carry 
off  any  saccharine  or  other  vegetable  matter  :  the  malate 
of  lime  was  decomposed  by  the  addition  of  acetate  of  lead, 
and  the  malate  of  lead  thus  obtained  decomposed  by  sul- 
phuric acid,  as  in  the  preceding  process. 

Malic  acid,  it  was  also  found  by  Scheele,  can  be  artifi- 
cially formed.  Sugar,  when  acted  on  by  nitric  acid,  is 
converted  principally  into  oxalic  acid  ;  but  Scheele  observ- 
ed, that  in  this  process  a  quantity  of  malic  acid  is  also  pro- 
duced. If  the  oxalic  acid  formed  be  separated,  by  adding 
lime-water  as  long  as  there  is  any  precipitation,  there  still 
remains  in  solution  another  acid,  which  neither  gives  any 


*  Crell's  Chemical  Journal,  vol.  ii.  p.  V. 
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indication  of  nitric  acid,  nor  precipitates  lime-water.  This 
is  the  malic  acid,  which  he  separated  by  a  process  similar 
to  that  last  described.  Scheele  having  discovered  this  fact, 
examined  the  results  of  the  action  of  nitric  acid  on  a  num- 
ber of  other  vegetable  substances,  and  found,  that  various 
mucilages,  fecula,  and  extractive  substances,  afforded  it, 
generally  with  oxalic  and  sometimes  with  saccho-lactic 
acid.  Essential  oils  yielded  little  of  either,  and  animal 
substances  afforded  portions  of  tljem  only  when  acted  on 
by  concentrated  nitrous  acid.  Oxymuriatic  acid  forms  it 
from  gums  more  readily  than  nitric  acid  does. 

Malic  acid  is  not  susceptible  of  crystallization.  By  this 
it  is  distinguished  from  the  other  vegetable  acids,  and  is 
also  capable  of  being  more  easily  detected  when  mixed 
with  them,  as  it  forms  the  uncrystalHzabie  residue  of  the 
liquid  from  which  they  have  crystallized.  When  much 
evaporated,  it  becomes  thick  and  viscid.  Its  solution, 
when  strong,  is  of  a  brownish  red  colour,  has  a  very  sour 
taste,  and  reddens  immediately  the  vegetable  colours. 

When  exposed  to  heat,  it  is  easily  decomposed :  its  co- 
lour darkens  ;  it  swells,  exhales  an  acrid  vapour,  and  leaves 
a  voluminous  coal.  When  subjected  to  destructive  dis- 
Jillation,  the  products  are  an  acid  liquid,  much  carbonic 
acid  gas,  with  carburetted  hydrogen,  and  charcoal.  The 
acid  liquid,  according  to  Fourcroy,  is  the  empyreumatic 
acetic,  or,  as  it  was  named,  pyro-mucous  acid. 

Malic  acid,  in  the  state  of  its  watery  solution,  suffers, 
when  kept,' spontaneous  decomposition. 

It  is  decomposed  by  the  more  powerful  acids  :  sulphuric 
acid  chars  it :  nitric  acid  converts  it  into  oxalic  acid. 
It  unites  with  the  alkalis  and  earths,  forming  salts  de- 
VoL.  IV.  U 
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nominated  Malates,  the  properties  of  which  have  scarcely 
been  examined  but  by  Scheeie.  With  the  alkalis  it  forms 
salts,  which  he  remarks  are  deliquescent.  With  hme  it 
forms  a  salt,  when  neutral,  in  small  irregular  crystals, 
which  require  a  large  quantity  of  boiling  water  for  their 
solution  5  but  when  there  is  a  slight  excess  of  acid,  they 
are  readily  soluble  in  cold  water.  In  combining  with  ba- 
rytes,  the  results  are  similar.  By  the  comparative  solubi- 
lity of  these  combinations  with  this  earth,  it  is  easily  distin- 
guished from  oxalic  and  some  of  the  other  vegetable  acids. 
With  argil  it  affords  a  neutral  salt,  which  is  not  easily  so- 
luble in  water  ;  with  magnesia,  a  deliquescent  salt. 

Malic  acid  acts  on  some  of  the  metals.  Scheeie  obser- 
ved, that  it  dissolves  iron  and  zinc  :  the  solution  of  ma- 
late  of  iron  is  brown,  and  not  crystallizable  ;  that  of  zinc 
yields  regular  crystals.  He  adds,  that  upon  the  other 
metals  it  has  no  perceptible  effect.  It  combines,  however, 
with  their  oxides,  and,  in  consequence  of  such  combina- 
tions, causes  precipitates  in  several  of  the  metallic  solu». 
tions.  It  precipitates,  in  particular,  the  nitrates  of  mer- 
cury, lead,  and  silver,  by  which  it  may  be  distinguished 
from  citric  acid,  which  does  not  occasion  precipitation  ia 
these  solutions.  It  also  decomposes  the  solution  of  gold,, 
and  even  reduces  the  oxide  to  the  metallic  state. 
This  acid  is  applied  to  no  use. 
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SECT.  XVII. 

OF  CITRIC  ACID. 

It  is  this  acid  which  exists  in  the  juice  of  the  lertion 
and  lime,  and  gives  it  its  sourness.  It  is  mixed  with  mu- 
cilaginous and  extractive  matter  ;  and  we  are  indebted  to 
Scheele  for  the  process  by  which  the  acid  is  obtained  pure, 
and  for  the  knowledge  of  its  properties  in  this  state. 

He  found,  that  it  could  not  be  obtained  pure  and  crys- 
tallized by  mere  evaporation  of  the  lemon  juice,  and  that 
even  the  addition  of  alkohol  did  not  separate  completely 
the  foreign  matter.  The  process  he  followed  is  to  saturate 
the  expressed  juice  of  the  lemon,  by  the  addition  of  chalk. 
The  citric  acid,  combining  with  the  lime,  forms  an  insolu- 
ble compound,  which  precipitates.    This  is  washed  with 
warm  water,  until  the  water  pass  off  colourless ;  and  thus 
the  mucilage  and  extractive  matter  are  abstracted.  The 
citrate  of  lime  is  then  subjected,  in  a  matrass,  to  the  ac- 
Jtionof  as  much  sulphuric  acid,  previously  diluted,  as  is 
sufficient  to  saturate  the  lime  of  the  quantity  of  chalk  that 
has  been  employed.  The  citric  acid  is  disengaged  and  dis- 
solved by  the  water :  the  mixture  is  boiled  for  a  few  mi- 
nutes, to  facilitate  the  precipitation  of  the  sulphate  of  lime, 
and  is  filtered.    The  filtered  liquor  is  evaporated  to  the 
consistence  of  syrup,  any  sulphate  of  lime  separated  during 
the  evaporation  being  withdrawn  ;  and,  on  cooling  and 
standing  for  some  time,  the  citric  acid  is  obtained  in  needle- 
like crystals.    Scheele  found  it  useful  to  add  a  slight  ex- 
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cess  of  sulphuric  acid,  which  afterwards  remained  in  the 
residual  liquor  ;  and  Dize,  in  some  observations  on  this 
process  *,  has  remarked,  that  this  is  requisite  to  decom- 
pose and  facilitate  the  separation  of  a  portion  of  mucilage 
or  extractive  matter,  which  adheres  to  the  citric  acid  when 
it  combines  with  the  lime,  and  which,  when  the  acid  is 
afterwards  disengaged,  opposes  its  crystallization.  This 
the  free  sulphuric  acid  chars  towards  the  end  of  the  eva- 
poration. It  is  not  improbable,  however,  but  that  the 
brown  or  black  colour  which  the  acid  assumes  at  that  stage, 
when  an  excess  of  sulphuric  acid  is  present,  may  be  ow- 
ing, as  Mr  Nicholson  remarked,  to  the  action  of  that  acid 
on  the  citric  acid  itself;  and  Proust,  in  some  observations 
on  the  process,  has  observed,  that  if  too  great  an  excess  of 
sulphuric  acid  be  used,  this  happens,  and  the  evaporated 
fluid  does  not  even  crystallize  f .  He  has  added  some  facts, 
with  regard  to  the  proportions,  that  may  be  useful  in  con- 
ducting the  process.  Four  ounces  of  chalk,  saturated  with 
lemon  juice,  required  for  the  saturation  91-  ounces ;  and 
from  this  7|  ounces  of  dry  citrate  of  lime  were  obtained. 
The  four  ounces  of  chalk  required  for  its  saturation  20 
ounces  of  a  diluted  sulphuric  acid,  composed  of  one  part 
of  the  common  sulphuric  acid,  with  three  of  water ;  and, 
of  course,  this  is  the  quantity  of  that  acid  to  be  used  in  de- 
composing this  quantity  of  citrate  of  lime. 

Citric  acid  exists  in  a  number  of  other  fruits,  from  which 
it  may  be  extracted,  and  much,  I  believe,  of  what  is  at 
present  found  in  the  shops,  is  prepared  from  the  juice  of 

 ?  

*  Nicholson's  Journal,  4to,  vol.  ii.  p.  43. 
f  Philosophical  Magazine,  vol.  x.  p.  112. 
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the  lime.  From  Vauquelln's  analysis  of  the  pulp  of  the 
tamarind  *,  it  appears  to  be  the  chief  acid  constituent  of 
that  fruit ;  one  pound  of  the  common  prepared  pulp  of  the 
shops,  containing  an  ounce  and  a  halfy  with  smaller  quan- 
tities of  malic  and  tartaric  acids. 

Citric  acid  obtained  by  a  first  crystallization,  is  not  per- 
fectly white,  but  it  becomes  so  when  the  crystallization  is 
repeated.  Its  crystals,  when  regular,  are  rhomboi<ial  prisms, 
acuminated  by  four  planes.  Its  acid  powers  are  very  con- 
siderable :  its  taste  is  extremely  sour,  and  almost  caustic  ; 
and  it  instantly  reddens  the  vegetable  colours. 

Exposed  to  heat,  the  crystals  melt,  from  the  solvent 
power  of  their  water  of  crystallization  ;  by  the  continu- 
ance of  the  heat,  the  acid  suffers  decomposition,  exhales 
an  acrid  vapour,  and  is  reduced  to  a  coal.  Subjected  to 
destructive  distillation,  it  affords  an  acid  liquor,  which  ap- 
pears to  be  the  acetic,  and  afterwards  carbonic  acid  gas  and 
carburetted  hydrogen,  leaving  a  light  charcoal. 

This  acid  is  very  soluble  in  water.  At  a  moderate  tem- 
perature, 100  parts  of  water  dissolve,  according  to  Vau-r 
quelin,  7.3  parts,  cold  being  produced  during  the  solu- 
tion ;  at  212°,  it  dissolves  twice  its  weight  of  it.  Like  the 
other  vegetable  acids,  its  solution  undergoes  spontaneous 
decomposition,  though  not  very  readily. 

The  more  powerful  acids  decompose  it,  though  with 
some  difficulty.  Concentrated  sulphuric  acid  converts  it, 
according  to  Fouvcroy,  into  acetic  acid.  Scheele  remark- 
ed, that  nitric  acid  did  not  convert  it,  as  it  does  some  of 
the  other  vegetable  acids,  into  oxalic  acid  j  but  Fourcroy 


^  Annales  de  Chimie,  torn.  v.  p.  101. 
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and  Vauquelln  liave  found,  that  when  acted  on  by  a  large 
quantity  of  nitric  acid  for  a  long  time,  it  affords  a  small 
portion  of  oxalic,  with  a  larger  portion  of  acetic  acid. 

Citric  acid  combines  with  the  alkalis  and  earths,  form- 
ing salts  denominated  Citrates  ;  the  properties  of  which 
have  been  examined  with  care  by  Vauquelin,  the  results 
of  whose  experiments  have  been  stated  by  Fourcroy  *. 

The  citrate  of  potassa  is  very  soluble,  does  not  crystal- 
lize but  with  difficulty,  and  is  deliquescent :  its  taste  is 
purely  saline,  and  rather  mild.  It  contains  55.55  of  acid, 
and  44<.45  of  alkali.  Citrate  of  soda  is  likewise  very  so- 
luble, requiring  little  more  than  its  weight  of  water  for  its 
solution ;  it  crystallizes  in  six-sided  prisms,  and  the  crys- 
tals are  slightly  efflorescent.  Their  taste  is  faintly  saline  : 
the  proportions  of  the  solid  salt  are  60.7  of  acid,  and  39.3 
of  soda.  Citrete  of  ammonia  is  even  more  soluble  than  the 
others,  and  does  not  crystallize  but  when  its  solutionis  much 
concentrated:  the  form  of  its  crystals  is  an  elongated  prism. 
It  consists  of  62  of  acid,  and  38  of  ammonia.  The  earthy 
citrates  are  in  general  less  soluble.  When  the  solution  of 
barytes  is  poured  into  the  acid,  a  precipitate,  soluble  in 
the  liquid  by  agitation,  is  formed ;  when  the  whole  is  sa- 
turated, the  salt  is  deposited  at  first  in  the  form  of  a  pow- 
der, which  is  covered  afterwards  with  a  kind  of  crystalline 
efflorescence,  and  which  a  large  quantity  of  water  dis- 
solves. It  consists  of  50  of  acid,  and  50  of  base.  When 
the  citric  acid  is  saturated  by  lime,  small  crystals  are  de- 
posited, which  are  very  sparingly  soluble  :  100  parts  con- 
tain 62.66  of  acid,  and  37.34  of  lime.    When  saturated 


*  System  of  Chemical  Knowledge,  vol.  vii.  p.  282. 
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"by  magnesia,  the  concentrated  solution  does  not  easily  crys- 
tallize regularly,  but  rather  assumes  the  state  of  a  white, 
opaque,  and  spongy  salt.  The  proportions  of  the  salt,  are 
66,66  of  acid,  and  33. SI  of  base. 

Vauquelin  has  likewise  examined  the  action  of  citric 
acid  on  the  metals.  It  does  not  dissolve  silver,  but  it  com- 
bines with  its  oxide,  and  forms  a  salt  insoluble,  of  a  harsh 
and  strong  metallic  taste,  and  which,  like  the  other  salts 
of  silver,  is  blackened  by  light :  it  is  also  decomposed  by 
heat,  leaving  metallic  silver  intermixed  with  charcoal.  It 
consists  of  36  of  acid,  and  64  of  oxide.  Quicksilver  is 
scarcely  more  acted  on  by  citric  acid,  but  its  oxide  com- 
bines with  it :  the  red  oxide,  when  added  to  the  acid,  causes 
an  effervescence,  and  becomes  white  and  solid :  the  salt  is 
not  perceptibly  soluble  in  water,  but  is  decomposed  by  itj 
the  water  becoming  milky.  It  is  decomposed  by  heat,  and 
the  oxide  is  reduced.  Zinc  is  dissolved  readily  by  a  solu- 
tion of  citric  acid,  hydrogen  gas  being  disengaged  ;  and 
the  solution,  after  some  hours,  deposites  small  brilliant 
crystals  insoluble  in  water  :  ICO  parts  of  this  salt  contain 
nearly  equal  parts  of  acid  and  oxide.  Iron  is  dissolved  in 
the  same  manner  :  the  solution  is  of  a  brown  colour,  and 
by  spontaneous  evaporation  it  deposites  small  crystals. 
Evaporated  by  heat,  it  becomes  black  and  pulverulent.  This 
salt  is  very  soluble  in  water  ;  its  taste  is  very  astringent : 
it  consists  of  30.38  of  oxide,  and  69.62  of  acid. 

As  affording  chemical  characters  by  which  this  acid 
may  be  distinguished,  it  may  be  added,  that  solutions  of 
the  acetates  of  magnesia,  lime,  and  argil  ;  of  the  muriates 
of  barytes,  lime,  argil,  and  magnesia  ;  and  of  the  nitrates 
and  sulphates  of  these  substances,  undergo  no  apparent- 
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change  from  the  addition  of  citric  acid.  Tlie  muriates  and 
nitrates  of  zinc,  the  sulphate,  muriate,  nitrate,  and  acetite 
of  copper,  and  the  nitrate  of  lead,  are  not  decomposed  by 
it ;  but  the  acetite  of  lead  gives  immediately  a  precipitate 
of  a  white  powder.  The  nitrate  and  acetite  of  mercury 
arc  also  decomposed,  and  a  precipitate  of  a  brick  red  co- 
lour thrown  down.  The  acetite  and  sulphate  of  iron  in 
solution,  receive  from  it  a  green  tinge  *.  All  the  alkaline 
citrates  are  precipitated  by  the  solution  of  barytes :  the 
precipitate  which  they  form  with  calcareous  salts,  is  soluble 
in  less  than  500  parts  of  water.  The  oxalic  and  tartaric 
acids  decompose  them,  and  form  in  their  solutions  crystal- 
lized or  insoluble  precipitates  f. 

Citric  acid,  in  its  crystallized  state,  can  be  preserved  for 
any  length  of  time  without  decomposition  ;  and  a  grateful 
lemonade  may  be  prepared  from  it,  by  dissolving  30  or  40 
grains  in  a  pint  of  water,  with  the  addition  of  a  little  su- 
gar, and  to  communicate  flavour,  of  a  little  lemon  peel,  or 
of  a  powder  formed  by  rubbing  sugar  on  the  fresh  lemon. 
The  lemon  juice  may  be  regarded  as  a  specific  in  scurvy, 
and  there  is  every  probability  that  the  crystallized  citric 
acid  may  be  equally  effectual. 


*  Dizc,  Nicholson's  Journal,  4to,  vol.  ii.  p.  45. 

f  Vauquelin,  Fourcroy's  Chemistry,  vol.  vii.  p.  28G. 
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OF  OXALIC  ACID. 

It  has  been  long  known,  that  a  crystallized  acid  salt 
may  be  procured  from  the  juice  of  some  of  the  species  of 
sorrel,  particularly  the  Oxalis  acetosella.  Margraaf  dis- 
covered the  existence  of  potassa  in  this  salt,  and  hence 
shewed  that  it  is  not  a  pure  acid  ;  but  the  nature  of  the 
acid  which  it  did  contain,  was  for  some  time  not  well  de- 
termined. Bergman  discovered  that  sugar,  when  subject- 
ed to  the  action  of  nitric  acid,  affords  an  acid  of  a  parti- 
cular nature,  the  properties  of  which  he  examined ;  and 
some  time  afterwards,  Scheele  made  the  discovery,  that 
the  acid  which  exists  in  the  salt  of  sorrel  is  precisely  of 
the  same  nature  ;  that  it  mav  be  extracted  from  that  salt 
and  obtained  pure  ;  and  that,  on  the  other  hand,  a  salt 
perfectly  analogous  to  the  salt  of  sorrel  may  be  formed, 
by  combining  the  acid  prepared  from  sugar,  with  such  a 
quantity  of  potassa  as  shall  leave  an  excess  of  acid.  To 
this  acid,  thus  existing  in  the  vegetable  kingdom,  and  ca- 
pable also  of  being  artificially  formed,  the  name  of  Oxalic 
has  been  given. 

The  native  salt  of  sorrel,  the  super-oxalate  of  potassa, 
is  extracted  from  the  juice  of  the  sorrel,  by  the  following 
process  :  The  leaves  of  the  plant  are  bruised  with  a  little 
water,  and  the  juice  expressed  ;  the  impurities  are  allow- 
ed to  subside,  and  the  separation  of  any  foreign  matter  is 
facilitated  by  heating  it  slightly  :  it  is  then  clarified  by  add- 
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ing  to  it  water,  in  which  a  small  portion  of  fine  clay  has 
been  suspended,  and  with  which  it  is  agitated.  The  cla- 
rified juice  is  put  into  boilers  of  tinned  copper,  and  is 
boiled  gently,  until  a  pellicle  forms  on  its  surface  :  it  is 
then  put  aside  for  a  month,  in  earthen  vessels  :  a  salt  cry- 
stallizes on  the  sides  of  the  vessel,  of  a  greyish  colour ; 
and  fresh  quantities  of  this  are  obtained,  by  renewing  the 
evaporation  and  clarification.  The,  whole  salt  is  purified 
by  a  second  crystallization,  and  is  obtained  perfectly  white 
and  well  crystallized  *.  It  is  known  in  the  shops  under 
the  name  of  Salt  of  Lemons,  and  is  used  principally  for 
removing  stains  from  ink.  It  is  prepared  in  some  districts 
of  Switzerland  and  Germany. 

Scheele  obtained  the  acid  from  this  salt,  by  adding  to 
its  solution  in  water  a  solution  of  acetate  of  lead,  as  long 
as  there  is  any  precipitation.  The  precipitate  is  the  oxa- 
late of  lead.  It  is  washed  with  water,  and  decomposed 
by  the  addition  of  sulphuric  acid ;  the  proportion  of  this 
being  estimated  from  the  quantity  of  it,  known  by  a  pre- 
vious experiment  to  be  necessary  for  the  decomposition  of 
the  quantity  of  acetate  of  lead  employed.  The  oxalic  a- 
cid  remains  dissolved,  and  is  obtained  by  slow  evapora- 
tion, in  regular  prismatic  crystals  f . 

The  same  acid  exists,  in  a  similar  state  of  combination, 
in  other  species  of  sorrel  ;  and  it  is  found  in  other  vege- 
tables. The  earthy-like  matter  disseminated  in  streaks  in 
the  root  of  rhubarb,  Scheele  found  to  consist  of  oxalic 


*  Annales  de  Chimie,  torn.  xiv.  p.  7. 
1  Crell's  Chemical  Journal,  toL  i.  p.  1Q8. 
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acid,  combined  with  lime  *  ;  and  he  found  it  also  in  the 
roots  of  many  other  plants,  as  bistort,  liquorice,  florentine 
orrice,  squil,  turmeric,  tormentil,  ginger,  &c.  and  in  the 
barks  of  cannella,  cascarilla,  cinnamon,  quassia,  oak,  elm, 
and  others  f .  Deyeux  found,  that  the  acid  juice  contain- 
ed in  the  fibres  of  chick  pease  was  pure  oxalic  acid  ; 
though  Dispan  has  since  stated  some  imperfect  experi- 
ments, in  consequence  of  which  he  considered  the  acid 
obtained  from  this  vegetable  to  be  a  peculiar  one,  to  which 
he  gave  the  name  of  Ciceric  J. 

The  artificial  formation  of  this  acid  from  sugar  is  ef- 
ts 

fected  according  to  the  process  described  by  Bergman. 
One  ounce  of  refined  sugar,  in  powder,  is  mixed  in  a  tu- 
bulated retort,  with  three  ounces  of  strong  nitrous  acid, 
the  specific  gravity  of  which  is  1.567 :  when  the  solution 
is  completed,  and  the  disengagement  of  nitric  oxide  gas 
which  attends  it  has  ceased,  a  receiver  is  to  be  luted  to  the 
retort,  and  the  solution  gently  boiled.  When  the  liquor 
acquires  a  dark  brown  colour,  three  ounces  more  of  ni- 
trous acid  are  to  be  added,  and  the  boiling  continued  un- 
til the  coloured  and  smoking  acid  has  entirely  disappear- 
ed. The  liquor  in  the  retort  being  poured  out,  on  cooling 
there  are  formed  in  it  numerous  slender  crystals,  being 
quadrangular  prisms,  and  which,  when  collected  and  dried 
on  bibulous  paper,  weigh  109  grains.  The  remaining  li- 
quor, boiled  with  two  ounces  of  nitrous  acid  until  the  red 
vapours  begin  to  disappear,  on  cooling  affords  43  grains 

*  Crell's  Chemical  Journal,  vol.  i.  p.  34?. 

f  Ibid.  vol.  ill.  p.  1. 

J  Annales  de  Chimie,  torn.  xxx.  p.  179. 
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of  crystals.  And  if  to  the  glutinous  liquor  which  remains 
after  this,,  there  be  added,  at  different  times,  small  quan- 
tities of  nitrous  acid,  amounting  in  all  to  two  ounces  on 
boiling  it  to  dryness  a  saline  mass  is  formed,  brown,  glu- 
tinous, and  deliquescent,  which,  when  perfectly  dried,  a- 
mounts  to  half  a  drachm,  but  in  purifying  loses  nearly 
half  its  weight  *.  The  quantity,  however,  obtained  of  the 
acid  in  this  process,  is  liable  to  vary  •,  for  if  the  nitric  a- 
cid  be  boiled  too  long,  a  portion  is  decomposed,  and  the 
crystallized  product  is  of  course  diminished.  The  crystals 
require  to  be  rendered  pure  by  repeated  solutions  and  cry- 
stallization. 

The  changes  that  are  effected  in  this  production  of 
oxalic  acid  from  sugar,  are  not  yet  perfectly  ascertained. 
Oxygen  is  communicated  from  the  nitric  acid  ;  but  it  re- 
mains rather  uncertain  how  this  operates  in  the  production 
of  the  acid.  From  the  small  quantity  of  acid  obtained 
from  a  given  quantity  of  sugar,  it  is  obvious  that  it  does 
not  merely  combine  directly  with  the  saccharine  matter 
so  as  to  acidify  it :  it  therefore  unites  with  portions  pro- 
bably both  of  its  carbon  and  hydrogen,  forming  water  and 
carbonic  acid,  and  leaving  the  remaining  elements  in  those 
proportions,  and  in  that  state  of  combination,  which  con- 
stitutes oxalic  acid.  There  is  also  always  a  formation  of 
malic  acid,  and  the  uncrystallizable  residual  liquqr  con- 
sists principally  of  this. 

This  acid  is  formed  also  from  other  vegetable  substan- 
ces subjected  to  a  similar  process.  Bergman  obtained 
from  100  parts  of  gum  arable  about  26  of  acid  ;  from  8 


*  Bergman's  Essays,  vol.  i.  p.  301s 
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of  alkohol,  3  parts  ;  and  from  a  number  of  vegetable  pro- 
ducts, it  may  be  obtained,  as  has  been  already  observed,  in 
greater  or  less  quantity.  It  is  even  afforded  by  some  ani- 
mal substances,  when  they  have  been  acted  on  by  nitric 
acid  so  as  to  disengage  their  nitrogen.  The  theory  of  its 
production  in  these  cases  must  be  the  same. 

The  acid  obtained  by  these  different  processes,  when 
perfectly  freed  from  foreign  matter,  is  precisely  the  same. 
It  has  been  generally  examined  by  chemists  in  the  state 
in  which  it  is  afforded  by  the  oxygenizement  of  sugar,  as 
this  process  is  less  troublesome  than  extracting  it  from  the 
salt  of  sorrel.  We  are  indebted  to  Bergman  for  a  know- 
ledge of  its  principal  properties  and  combinations. 

Oxalic  acid  crystallizes  in  slender  four-sided  rhomboi- 
dal  prisms,  bevelled  at  each  extremity,  subject,  however,  to 
various  modifications.  The  crystals  are  of  a  white  colour, 
permanent  in  the  air,  or  slightly  efflorescent.  Their  taste 
is  very  sour,  and  they  communicate  this,  as  well  as  the 
power  of  reddening  the  vegetable  colours,  to  a  large  quan- 
tity of  water.  Twenty  grains  give  a  sensible  acidity  to 
three  pints.  They  are  soluble  iti  twice  their  weight  of  cold 
water,  and  in  an  equal  weight  of  boiling  water.  They  are 
also  soluble  in  alkohol ;  100  parts  when  boiling,  taking 
up  nearly  56  of  the  acid,  at  an  inferior  heat  not  above  40. 
They  dissolve  in  sulphuric  ether,  but  with  difliculty  *. 

Exposed  to  heat,  the  water  of  crystallization  is  first  dis- 
sipated, and  the  acid  melts :  when  it  begins  to  boil,  it  be- 
comes brown,  and  is  decomposed  ;  a  quantity  of  an  acid 
liquor  passes  over ;  an  acid  powder  is  condensed  in  the 


*  Bergman's  Chemical  Essays,  vol.  i.  p.  208,  Sec. 
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neck  of  the  receiver,  which  is  the  oxalic  acid,  extremely 
pure,  the  residuum  being  a  brown  or  grey  matter ;  and  a 
large  quantity  of  elastic  fluid  is  disengaged  during  this  de- 
composition, of  which  about  one-half  is  carbonic  acid ; 
the  other  is  inflammable,  and  appears  to  be  carbonic  oxide, 
or  a  variety  of  carburetted  hydrogen.  About  100  cubic 
inches  of  this  mixed  aerial  fluid  are  obtained  from  the  ex- 
periment performed  on  half  an  ounce  of  the  crystals,  of 
which  only  part  is  decomposed.  When  the  sublimed 
portion  of  acid  is  again  subjected  to  the  same  operation, 
it  is  partly  sublimed,  and  partly  resolved  into  an  acid  li- 
quor not  crystallizable ;  and  by  repeating  it  a  third  time, 
the  decomposition  Is  completed.  In  this  analysis  it  is  to 
be  remarked,  as  Fourcroy  has  stated,  that  there  is  no  pro- 
duction of  empyreumatic  oil ;  which  appears  to  prove, 
that  this  acid  contains  little  hydrogen  in  its  composition, 
but  that  its  chief  constituents  are  carbon  and  oxygen  ;  and 
as  the  other  vegetable  acids  are  resolved  into  it  by  the  ac- 
tion of  oxygen,  it  probably  contains  a  large  proportion  of 
this  principle.  According  to  Fourcroy  *,  Vauquelin  and 
he  found  in  their  investigations,  that  it  is  composed  of  77 
of  oxygen,  13  of  carbon,  and  10  of  hydrogen. 

Oxalic  acid  is  decomposed  by  the  more  powerful  mi- 
neral acids.  Sulphuric  acid  renders  it  brown,  and  when 
boiled  on  it  entirely  decomposes  it.  Nitric  acid  dissolves 
it,  and  when  heat  is  applied  becomes  yellow ;  on  cooling, 
crystals  are  again  deposited  ;  but  if  this  operation  be  fre- 
quently repeated,  the  oxalic  acid  is  at  length  destroyed. 
Muriatic  acid  dissolves  the  crystallized  oxalic  acid,  when 
assisted  by  heat,  without  decomposing  it. 


*  System,  vol.  vii.  p.  306- 
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Oxalic  acid  combines  with  the  alkalis  and  earths,  form- 
ing salts,  named  Oxalates,  of  which  some  are  soluble  and 
crystallizable,  but  the  greater  number  are  of  sparing  solu- 
bility. 

Oxalate  of  potassa,  when  exactly  neutral,  \s  not  easily 
crystallized  ;  its  solution  on  evaporation  becoming  gelati- 
nous i  but,  if  there  be  a  slight  excess,  either  of  acid  or  of 
alkali,  crystals  are  formed  without  difficulty.   When  there 
is  an  excess  of  acid,  crystals  are  deposited,  merely  by  drop- 
ping a  solution  of  potassa  into  a  solution  of  oxalic  acid, 
and,  when  formed  by  evaporation,  they  are  regular,  and 
nearly  of  the  same  form  as  the  acid  itself.   The  native  salt 
of  sorrel,  it  has  been  already  observed,  is  a  super-oxalate 
of  potassa.    It  occurs  generally  in  small  irregular  crystals, 
permanent  in  the  air  :  its  taste  is  sour,  and  it  reddens  im- 
mediately the  vegetable  colours.    It  is  very  soluble  in  wa- 
ter, especially  in  boiling  water,  which,  according  to  Wen- 
zel,  dissolves  two-thirds  of  its  weight.    Its  solution  does 
not  decompose  spontaneously  as  those  of  almost  all  the 
salts  containing  acids  of  vegetable  origin  do.    The  strong- 
er acids  decompose  it  partially  with  difficulty  :  the  alka- 
line, and  some  of  the  earthy  bases,  as  barytes  and  mag- 
nesia, enter  into  combination  with  its  principles,  and  form 
triple  salts.    Lime  decomposes  it  by  attracting  its  acid. 
It  is  decomposed  by  heat  ;  an  acid  liquor  being  distilled 
over,  which  appears  to  be  oxalic  acid  not  much  changed. 
^    Oxalate  of  soda  is  not  very  soluble,  and  can  scarcely  be 
obtained  in  regular  crystals.    It  is  separated,  in  its  forma- 
tion by  the  combination  of  its  principles,  in  crystalline 
grains.  This  salt  is  also  disposed  to  combine  and  crystal- 
lize with  an  excess  of  acid. 
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Oxalate  of  ammonia,  formed  by  saturating  water  of 
ammonia  with  oxalic  acid,  is  obtained  by  slow  evaporation 
in  quadrangular  prisms,  in  which  there  is  an  excess  of  a- 
cid,  and  which  are  soluble  in  water,  but  not  in  alkohol. 
When  neutralized,  it  appears  to  be  still  more  soluble. 

Oxalate  of  barytes  is  deposited  in  pellucid  angular  crys- 
tals, when  oxalic  acid  is  saturated  by  the  addition  of  ba- 
rytic  water :  they  are  scarcely  soluble  in  water:  boiled  in 
distilled  water,  they  split  and  fall  to  powder,  but,  on  cool- 
ing, the  small  portion  which  is  dissolved,  again  forms  into 
similar  crystals  ;  the  salt,  by  the  agency  of  the  water  in 
this  experiment,  being  apparently  converted  partly  into  a 
sub-oxaiate,  and  partly  into  a  super-oxalate.  Oxalate  of 
strontites  is  likewise  insoluble.  With  lime,  in  any  state 
cf  combination,  oxalic  acid  immediately  (Combines,  and 
forms  a  compound  of  very  sparing  solubility,  which  is 
precipitated  in  the  state  of  a  powder.  According  to  Berg- 
man's estimate,  100  parts  of  this  salt  consist  of  48  of  acid, 
46  of  lime,  and  6  of  water.  The  compound  is  not  easily 
decomposed  by  any  single  afiinity,  and,  from  its  insolu- 
bility, as  well  as  the  force  of  attraction  which  its  princi- 
ples mutually  exert,  lime  is  the  most  delicate  test  to  dis- 
cover the  presence  of  oxalic  acid,  as  this  acid  is  to  discover 
the  presence  of  lime.  Oxalate  of  magnesia  appears,  when 
formed  by  saturating  oxalic  acid  by  magnesia,  in  the  form 
of  a  white  powder,  not  soluble  either  in  water  or  in  alko- 
hol, and  consisting  of  about  35  of  magnesia,  and  65  of  acid. 
Oxalate  of  argil  is  formed  by  digesting  pure  argil  in  oxa- 
lic acid  :  the  solution  on  evaporation  does  not  yield  crys- 
tals, but  a  yellowish  pellucid  mass,  of  a  sweetish  astringent 
taste,  which,  when  dry,  deliquesces  in  a  moist  atmo- 
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sphere  :  it  Is  sparingly  soluble  in  alkohol.  Bergman  states 
the  proportions  of  its  constituent  parts  at  44  of  earth,  and 
56  of  acid  and  water. 

Oxalic  acid  acts  on  several  of  the  metals,  especially  those 
which  are  able  to  decompose  water  so  as  to  become  oxi- 
dized ;  it  unites  with  their  oxides ;  and  it  decomposes  a 
number  of  the  metallic  salts.  The  principal  metallic  oxa- 
lates have  been  described  by  Bergman,  and  a  few  facts 
with  regard  to  them  have  been  added  by  Fourcroy. 

On  oxide  of  gold  it  scarcely  exerts  any  action  but 
blackening  it.    It  dissolves  precipitated  oxide  of  platina, 
and  forms  a  yellow  liquid  which  affords  crystals  of  the 
same  colour.     It  precipitates  oxide  of  silver  from  its  so- 
lution in  nitric  acid,  forming  with  it  a  white  powder 
scarcely  Soluble  in  water,  and  still  less  so  in  alkohol  ;  so- 
luble in  nitric  acid,  and  blackened  by  the  action  of  the  so- 
lar rays.   When  heated  in  a  spoon  over  burning  fuel,  it  is 
dispersed  with_  a  kind  of  fulmination.    Oxide  of  mercu- 
ry is  dissolved  by  the  acid,  forming  a  white  pulverulent 
salt,  which  is  not  soluble  in  water  unless  it  has  an  exces? 
of  acid,  and  which  is  blackened  from  exposure  to  the  sun. 
The  same  combination  is  obtained  by  adding  oxalic  acid 
to  a  solution  of  nitrate  or  muriate  of  mercury.    It  fulmi- 
nates sensibly  when  heated.    Copper,  even  in  the  metal- 
lic state,  is  acted  on  by  this  acid  ;  and  with  still  more  fa- 
cility when  it  has  been  previously  oxidized  :  a  powder  is 
formed  of  a  pale  blue  colour,  scarcely  soluble  in  water. 
A  similar  compound  is  precipitated  when  the  acid  is  add- 
ed to  a  solution  of  any  of  the  salts  of  copper.    Iron  is 
likewise  dissolved  by  it  with  a  disengagement  of  hydro- 
gen gas  :  the  solution  has  an  astringent  sweetness,  and, 
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when  prepared  without  heat,  exhibits  prismatic  crystalj 
of  a  greenish-yeUow  colour,  easily  soluble  in  wafer,  and 
which  retain  an  excess  of  acid.  The  solutions  of  iron 
highly  oxygenized,  are  precipitated  by  the  acid  in  the  state 
of  a  powder  of  a  fine  red  colour.  Lead  digested  with 
oxalic  acid  is  corroded,  but  scarcely  dissolved  j  but  when 
in  the  state  of  an  oxide  combines  with  it,  and  the  solu- 
tion, when  approaching  to  saturation,  forms  crystalline^ 
grains,  which  subside,  and  which  are  scarcely  soluble  in 
water,  except  from  an  excess  of  acid  being  added,  and 
not  at  all  in  alkohol :  this  precipitation  happens  too  when 
any  of  the  salts  of  lead  is  decomposed  by  the  acid.  Ox- 
alate of  tin  is  formed  by  the  action  of  the  acid  on  the 
metal  assisted  by  heat :  the  solution  has  a  styptic  taste, 
and  exhibits  prismatic  crystals,  or  when  evaporated  quick- 
ly to  dryness  a  horn-like  mass.  Zinc  is  dissolved  by  the 
acid  with  facility,  and  with  a  strong  effervescence,  from 
the  disengagement  of  hydrogen  gas  ;  a  white  powder  is 
formed,  not  soluble  in  water,  unless  from  an  excess  of  a- 
eid.  With  oxide  of  bismuth,  it  forms  a  white  pulveru- 
lent salt,  scarcely  soluble  in  water  ;  and  a  similar  c<?m- 
pound  in  transparent  grains  is  slowly  deposited  on  the  ad- 
dition of  oxalic  acid  to  nit*ate  of  bismuth.  Nickel  di- 
gested with  it  is  coveted  with  a  greenish- white  crust  j 
and  a  powder  of  a  similar  appearance  is  precipitated  by  it 
from  the  salts  of  nickel :  this  powder  is  soluble  in  water 
in  small  quantity,  and  assumes  a  yellow  colour.  Cobalt 
is  dissolved  by  it,  or  rather  is  converted  into  a  powder  of 
a  pale  rose  colour,  scarcely  soluble  in  water,  but  becom- 
ing soluble  from  an  excess  of  acid ;  and  a  similar  com- 
pound is  formed  by  the  addition  of  the  acid  to  any  of  the 
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salts  of  cobalti  Bhck  oxide  of  manganese  effervesces  with 
oxalic  acid,  probably  from  the  disengagement  of  oxygen 
gas ;  and  the  saturated  solution  deposites  a  white  powder 
scarcely  soluble  in  water,  unless  the  acid  be  in  excess  :  this 
is  also  formed  by  the  addition  of  the  acid  to  the  solutions 
of  manganese.  Antimony  in  the  state  of  oxide  is  dissolv- 
ed slowly  :  the  solution  in  which  the  acid  is  predominant, 
affords  crystalline  grains,  which  are  scarcely  soluble  in  wa- 
ter. White  oxide  of  arsenic  is  easily  dissolved  •,  and  the 
solution  on  evaporation  affords  prismatic  crystals,  which, 
melting  with  a  gentle  heat,  emit  the  superabundant  acid  : 
they  are  still  soluble  in  water  and  alkohol ;  and  are  sublim- 
ed and  decomposed  by  heat. 

Oxalic  acid  is  scarcely  applied  to  any  use  except  as  n 
chemical  test.  It  has  already  been  stated,  that  it  is  one 
extremely  delicate  in  detecting  the  presence  of  lime.  Ac- 
cording to  Bergman,  one  grain  of  the  concrete  acid  of  the 
size  of  a  pin's  head,  discovers  one  grain  of  pure  lime  in 
42.250  grains  of  water  by  the  cloud  it  produces.  It  is 
rendered  less  delicate  by  the  presence  of  any  free  acid  ei- 
ther existing  in  the  liquid  containing  the  lime,  or  disen- 
gaged from  a  state  of  combination  with  the  lime  itself;  and 
hence  such  acid  ought  to  be  saturated  previously  by  an  ad- 
dition of  ammonia,  or  oxalate  of  ammonia,  instead  of  pure 
oxalic  acid,  should  be  used.  Brugnatelli  published  some 
experiments  to  prove  that  oxalic  acid  is  a  less  delicate  and 
less  accurate  test  of  lime  than  is  generally  supposed ;  and 
that  this  earth  is  not  indicated  by  it  when  it  is  known  to 
exist,  or  when  it  is  detected  by  other  tests  *.  Darracq 


*  Aniiales  de  Chimie,  torn.  xxix.  p.  174. 
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repeated  these  experiments,  and  found  them  incorrect,  ex- 
cept in  so  far  as  regards  the  effect  of  an  excess  of  any  acid 
in  preventing  the  precipitation  of  Oxalate  of  lime,  a  fact 
which  had  been  before  known  to  chemists,  and  this  can  be 
obviated  by  the  methods  pointed  out  *. 

Super-oxalate  of  potassa,  the  native  salt  of  sorrel,  is  used 
under  the  name  of  Salt  of  Lemons,  to  remove  ink-stains 
from  linen ;  an  effect  it  produces  by  the  oxalic  acid  dis- 
solving the  oxide  of  iron  in  the  ink,  on  the  combination  of 
which  with  the  tannin  and  gallic  acid  the  colour  depends  i 
while,  at  the  same  time,  it  can  be  used  without  any  risk 
of  injury  to  the  cloth,  on  which  it  does  not  act. 


SECT.  XIX. 

OF  TARTARIC  ACID.  ^ 

A  SALINE  matter  is  deposited  from  wine,  during  the 
progress  of  the  slow  fermentation  it  suffers  on  keeping, 
which  has  been  long  known  by  the  name  of  Tartar,  and,  - 
when  purified,  from  the  colouring  matter  which  adheres 
to  it,  by  that  of  Crystals  or  Cream  of  Tartar.     It  was  al- 
so known  to  the  chemists,  that  an  alkali,  potassa,  could 
be  obtained  from  it,  by  calcining  it  with  a  moderate  heat  j 
and  it  was  by  this  process,  indeed,  that  this  alkali  was 
generally  obtained  for  chemical  and  medicinal  use.  It 
was  maintained  by  some  of  the  older  chemists,  Lefevre, 
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Glazer,  and  others,  that  this  alkali  pre-existed  in  the  salt ; 
and  this  was  more  dearly  established  by  the  experiments 
of  Duhamel,  Margraaf,  and  Rouelle.  The  acid  which  ex- 
ists in  it  is  in  excess,  so  as  to  be  sufficiently  obvious  by  the 
wur  taste  and  acid  powers  of  the  salt.  Scheele  gave  the 
process  by  which  it  could  be  extracted,  and  thus  discover- 
ed the  properties  of  this  acid  in  its  pure  state. 

Tartar,  or  super-tartratc  of  potassa,  as  it  is  properly 
named,  is  not,  as  some  chemists  have  imagined,  the  pro- 
duct of  fermentation.    The  experiments  of  Boerhaave, 
Neuman,  and  other  chemists,  proved,  that  it  is  contained 
in  the  juice  of  the  grape  previous  to  its  conversion  into 
wine.    It  has  also  been  discovered  in  other  fruits,  parti- 
cularly in  the  tamarind:  and  it  is  said  to  exist  in  the  root3 
of  sage,  germander,  and  some  other  plants.     It  exists  in 
these,  however,  in  small  quantity,  and  it  is  the  deposite 
from  wine  that  is  met  with  in  commerce.    It  is  named 
Red  or  White  Tartar,  according  as  it  more  or  less  colour- 
ed, from  part  of  the  colouring  matter  of  the  wine  adhering 
to  it.    Besides  this,  it  is  rendered  impure  by  the  presence 
of  some  other  substances,  particularly  tartrate  of  lime.  It 
is  purified  by  dissolving  it  in  water,  and  boiling  its  solu- 
tion with  a  small  quantity  of  fine  clay  diffused  through  it. 
This  attracts  the  colouring  and  extractive  matter,  and  the 
solution,  on  cooling,  affords  crystals  of  a  white  colour. 
These  form  the  purified  tartar,  or  crystals  of  tartar  of  com- 
merce, in  which,  with  the  super-tartrate  of  potassa,  there 
still  exists  a  small  portion  of  tartrate  of  lime. 

The  process  which  Scheele  employed  to  extract  the  acid 
from  this  salt,  consisted  in  dissolving  any  quantity  of  tiie 
purified  supcr-tartrate  in  boiling  water,  and  throwing  into 
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it  chalk  in  powder,  as  long  as  any  effervescence  is  excited, 
and  until  the  acid  is  entirely  saturated,  this  being  indicated 
by  the  liquid  not  reddening  the  vegetable  colours.  The 
lime  of  the  chalk  combines  with  the  excess  of  tartaric  acid 
in  the  super-tartrate  ;  and  this  tartrate  of  lime  being  in- 
soluble, is  precipitated,  v/hile  neutral  tartrate  of  potassa 
remains  in  solution.  The  tartrate  of  lime,  well  washed 
with  water,  is  put  into  a  glass  matrass  ;  a  quantity  of  sul- 
phuric acid  equal  to  that  of  the  chalk,  and  previously  di- 
luted with  half  its  weight  of  water,  is  added.  This  is  di- 
gested in  a  sand-bath  for  twelve  hours,  stirring  the  mixture 
occasionally.  The  sulphuric  acid  combines  with  the  lime, 
and  forms  the  sulphate  of  lime,  which  is  nearly  insoluble  : 
the  tartaric  acid  is  dissolved  by  the  water  :  the  solution  is 
poured  off,  and  the  remaining  sulphate  of  lime  is  washed 
with  water,  which  is  added  to  this  solution.  To  ascertain 
that  no  sulphuric  acid  is  present,  a  few  drops  of  acetate  of 
lead  are  added,  which  forms  a  precipitate,  soluble  in  vine- 
gar if  the  tartaric  acid  be  pure,  insoluble  if  it  be  contami- 
nated with  sulphuric  acid.  If  the  latter  be  the  case,  it  is 
digested  with  a  little  tartrate  of  lime,  and  the  sulphuric 
acid  is  thus  abstracted.  The  solution  is  then  evaporated, 
and  the  tartaric  acid  is  obtained  in  a  crystallized  form, 
equal  in  quantity  to  about  one-third  of  the  super-tartrate 
that  has  been  employed.  Muller  has  given  the  propor- 
tions to  be  employed  in  this  process  with  more  precision. 
Thev  are  6  lbs.  of  chalk  diffused  in  36  lbs.  of  boiling  wa- 
ter, and  as  much  super-tartrate  of  potassa  as  this  quantity 
of  chalk  saturates  :  There  are  then  to  be  added  to  the  tar- 
trate of  lime,  diffused  in  a  large  quantity  of  water,  6  lbs. 
of  sulphuric  acid,  of  the  specific  gravity  of  1.817,  with 
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which  G  drachms  of  nitric  acid  have  been  mixed  *.  The 
sulphuric  acid  does  not  appear,  in  Scheele's  process,  to  be 
sufficiently  diluted,  so  as  to  prevent  it  from  acting  on  the 
tartaric  acid.  Lowitz  has  remarked,  that  it  ought  to  be  di- 
luted with  at  least  four  times  its  weight  of  water  f. 

In  this  process,  it  is  only  the  excess  of  tartaric  acid  con- 
tained in  the  super-tartrate  that  is  obtained  ;  and  a  quan- 
tity of  acid  remains  combined  with  the  potassa,  which  the 
chalk  is  not  able  to  abstract.  It  has  been  proposed  to  use 
lime  instead  of  chalk,  by  which  the  decomposition  is  com- 
plete, and  the  whole  of  the  tartaric  acid  abstracted ;  but 
in  this  case,  as  Vauquelin  has  remarked,  part  of  the  tar- 
trate of  lime  is  prevented  from  precipitating  by  the  action 
of  the  alkali  ;  and  it  is  therefore  doubtful  if  this  method 
is  preferable  to  the  process  of  Scheele. 

It  has  been  proposed,  too,  to  obtain  this  acid  by  dis- 
solving one  pound  of  super-tartrate  of  potassa  in  six  pounds 
of  water,  and  adding  a  quarter  of  a  pound  of  concentrat- 
ed sulphuric  acid.  But  this  method  is  very  imperfect,  the 
alkali  being  merely  shared  between  the  two  acids,  and  no 
pure  tartaric  acid  obtained. 

This  acid  has  received  its  name  from  the  substance 
from  which  it  is  always  obtained.  It  was  until  lately 
named  Tartarous  Acid  ;  but  the  propriety  is  now  ac- 
knowledged of  giving  the  names  of  all  the  vegetable  acld$ 
the  same  termination,  and  hence  it  is  denominated  Tar- 
taric Acid. 

The  form  of  the  crystals  of  this  acid  has  been  various- 


*  Annates  dc  Cfiimie,  torn,  vi,  p,  5S. 
t  Ibid.  vol.  xxxiv.  p.  180. 
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ly  described.  I  have  obtained  it  in  thin  broad  tables, — a 
form  described  by  Bergman  and  Fourcroy  ;  but  it  is  also 
said  to  occur  in  prisms  and  in  pyramids.  When  pure,  the 
crystals  are  nearly  transparent.  Their  taste  is  sour,  and  a 
small  portion  reddens  the  vegetable  colours. 

This  acid  is  very  soluble  in  water,  so  that  a  concentrat- 
ed solution  can  be  obtained  of  nearly  an  oily  consistence. 
It  is  not  very  liable^  to  spontaneous  decomposition,  espe- 
cially if  the  solution  is  not  very  largely  diluted. 

Exposed  to  heat,  it  is  decomposed  :  a  considerable  quan- 
tity of  an  acid  liquor  is  obtained,  vt'hich  was  formerly  con- 
sidered as  a  peculiar  acid,  and  received  the  name  of  Pyro- 
tartarous,  but  which  Fourcroy  and  Vauquelin  have  shown 
to  be  acetic  acid,  diluted,  and  disguised  by  a  small  portion 
of  empyreumatic  oil  *.  With  this  acid,  a  quantity  of  oil 
which  separates  from  it  is  condensed  in  the  receiver ; 
much  aerial  fluid,  consisting  of  carbonic  acid  and  carbu- 
retted  hydrogen,  is  disengaged,  and  a  bulky  coal  remains. 
According  to  Fourcroy's  statement  of  the  result  of  its  an- 
alysis by  himself  and  Vauquelin,  it  consists  of  70.5  of 
oxygen,  19  of  carbon,  and  10.5  of  hydrogen, — a  larger 
proportion  of  carbon,  and  less  of  oxygen,  than  enter  into 
the  composition  of  oxalic  acid.  It  is  converted,  according 
to  the  experiments  of  Hermbstaedt,  into  this  acid,  by  dis- 
tilling from  it  repeatedly  six  times  its  weight  of  nitric 
acid  •,  360  parts  of  the  tartaric  acid,  according  to  these  ex- 
periments, yield  560  of  crystallized  oxalic  acid,  a  quan- 
tity which  would  prove,  if  the  fact  is  sufficiently  establish- 
ed, the  fixation  of  a  very  large  proportion  of  oxygen  f. 


*  Annales  de  Chimie,  torn.  xxxv.  p.  172. 
f  Fourcroy's  System,  vol,  vii.  p.  351. 
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This  acid  combines  with  the  alkalis  and  earths,  forming 
salts  i  which,  while  it  had  the  name  of  Tartarous  acid, 
were  denominated  Tartrites,  but  which  are  now  named 
Tartrates.  It  appears  to  have  a  peculiar  tendency  to  form 
.  triple  salts,  which  crystallize  with  great  regularity,  and  ex- 
hibit marked  properties,  and  some  of  which  are  important 
from  the  uses  to  which  they  are  applied. 

The  neutral  tartrate  of  potassa  is  not  formed  by  the  di- 
rect combination  of  its  acid  and  base,  but  by  saturating  the 
excess  of  acid  in  the  super-tartrate,  by  the  addition  of  the 
requisite  proportion  of  alkali  ;  a  quantity  of  carbonate  of 
potassa  being  dissolved  in  boiling  water,  and  super-tartrate 
of  potassa  in  fine  powder  being  added  in  small  quantities 
at  a  time,  diffusing  it  well  through  the  solution  by  con- 
stant stirring,  a^  long  as  there  is  any  effervescence,  and' 
until  exact  neutralization  is  attained.  '  The  solution  is  fil- 
tered, and  as  it  is  not  easily  crystallized,  it  is  at  once  eva- 
porated to  dryness,  when  this  salt  is  prepared  for  medici- 
nal use.  Being  more  soluble  than  the  super-tartrate,  it 
was  formerly  named  Soluble  Tartar. 

Though  difficult  of  crystallization,  yet  when  its  satura- 
ted solution  is  allowed  to  stand  for  some  months,  large  and 
regular  crystals  form,  which  are  tetraedral  prisms,  bevel- 
led at  each  extremity,  and  usually  aggregated.  Its  taste  is 
bitter  ;  it  is  deliquescent  in  a  humid  atmosphere,  and  is 
very  soluble  in  water,  not  requiring  four  times  its  weight 
of  cold  water  for  its  solution.  When  in  solution,  it  de- 
composes spontaneously  when  kept  for  some  time,  or  ra- 
ther its  acid  suffers  this  change,  so  that  at  length  its  alkali 
remains  in  the  state  of  a  carbonate.  A  similar  decompo- 
sition, as  to  the  ultimate  result,  is  effected  by  heat.    It  is 
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very  susceptible  of  decomposition,  from  the  action  of  other 
acids,  which  abstract  frorn  it  so  much  of  its  acid  as  to  re- 
duce it  to  the  state  of  super-tartrate. 

This  salt,  the  super-tartrate  of  potassa,  requires  notice 
VIS  a  distinct  one,  as  its  composition  is  determinate,  and  its 
properties  well  marked.  Its  origin,  and  the  method  of 
purifying  it,  have  been  already  stated.  It  occurs  in  small 
crystalline  masses,  the  figure  of  which  can  scarcely  be  de- 
termined ;  of  a  white  colour,  and  semi-transparent ;  brittle, 
and  easily  reduced  to  powder,  and  having  a  sour  taste. 

This  salt  requires  a  considerable  quantity  of  water  for 
its  solution  ;  about  sixty  parts  of  cold,  or  thirty  of  boiling 
water.  This  solution  decomposes  spontaneously  when 
long  kept  ;  the  principles  of  the  acid  entering  into  new 
combinations,  and  leaving  the  alkali ;  and  by  this  simple 
experiment,  the  older  chemists  demonstrated,  that  the  al- 
kali pre-exists  in  this  salt,  and  is  not  formed  by  the  calci- 
nation by  which  it  is  usually  obtained. 

The  sparing  solubility  of  this  salt,  alFords  us  the  best 
test  to  discover  tartaric  acid ;  a  solution  of  potassa,  when 
added,  soras  to  leave  an  excess  of  acid,  forming  a  turbid 
fluid,  from  which,  in  a  short  time,  small  crystals  of  the 
super-tartrate  subside.  It  is  also  the  best  test  we  have  to 
distinguish  potassa  from  soda. 

When  super-tartrate  of  potassa  is  exposed  to  a  strong 
heat,  it  is  fused,  becomes  of  a  black  colour,  and  is  decom- 
posed :  it  gives  a  large  quantity  of  empyreumatic  acetic 
acid,  an  oil,  with  carbonic  acid,  and  carburetted  hydrogen 
gases,  the  alkali  remaining  in  the  state  of  carbonate,  mix- 
ed with  charcoal.  A  quantity  of  carbonate  of  ammonia 
is  also  said  to  sublime  :  from  which  it  might  be  inferred, 
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that  nitrogen  enters  into  the  composition  of  the  acid  ;  but 
the  fact  is  not  well  ascertained,  and  a  small  quantity  pro- 
duced might  arise  from  foreign  matter  contained  in  the 
salt.  This  process  of  decomposing  this  salt  by  heat,  was 
that  formerly  employed  by  chemists  to  obtain  carbonate 
of  potassa :  it  was  performed  in  a  crucible,  and  the  resi- 
dual matter  was  lixiviated  with  water,  and  then  evaporat- 
ed :  and  it  has  been  supposed,  that  it  affords  the  alkali 
purer  than  as  it  is  procured  by  other  processes. 

From  the  tendency  of  tartaric  acid  to  form  ternary  com- 
binations, this  salt  exerts  peculiar  actions  on  a  number  of 
substances.  Thus  it  unites  both  with  soda  and  ammonia, 
and  with  each  forms  ternary  compounds.  Thenard  has 
found,  that  it  may  even  admit  the  combination  of  certain 
proportions  of  lime,  barytes,  or  strontites  ;  for  although 
when  large  quantities  cf  these  earths  are  brought  to  act 
upon  it,  they  decompose  it  and  abstract  the  tartaric  acid, 
yet  when  they  are  added  in  a  state  of  solution  in  small 
quantity,  they  occasion  no  decomposition,  but  enter  into 
coaibination  with  its  principles ;  the  liquid  remains  trans- 
parent, up  nearly  to  the  point  at  which  the  acid  of  the 
super-tartrate  is  saturated,  by  the  earth  added  ;  and  if  this 
point  be  not  exceeded,  there  will  be  formed  on  the  sides 
of  the  vessel,  transparent  crystals,  in  which  analysis  de- 
tects the  presence  of  the  acid,  the  alkali,  and  the  earth  that 
has  been  added.  Magnesia  and  argil  likewise  enter  into 
similar  combinations,  but  form  compounds  which  are  not 
crystallizable  *.  A  singular  effect  produced  on  it  by  bo- 
rax, or  even  by  pure  boracic  acid,  is,  that  of  increasing 


♦  Nicholson's  Journal,  4'to,  vol.  v.  p.  268. 
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greatly  Its  solubility  in  water,  or  rather  forming  with  It  a 
very  soluble  compound  :  one  part  of  boracic  acid,  accor- 
ding to  Lassone,  with  four  parts  of  the  super-tartrate,  be- 
ing soluble  in  six  or  eight  times  its  weight  of  water.  It 
acts  too  on  several  of  the  metals,  and  forms  triple  combi- 
nations, some  of  which  have  been  used  in  medicine. 

According  to  Thenard's  estimate  of  the  composition  of 
super-tartrate  of  potassa,  it  consists  of  57  of  acid,  33  of 
alkali,  and  7  of  water. 

Tartrate  of  soda  crystallizes  in  fine  needles,  or  in  thin 
plates  :  it  is  soluble  in  water,  but  if  combined  with  an  ex- 
cess of  acid  its  solubility  is  diminished. 

A  triple  salt,  the  Tartrate  of  potassa  and  soda,  has  been 
long  used  in  medicine,  under  the  name  of  Rochelle  Salt. 
It  is  prepared  by  saturating  the  excess  of  acid  in  the  super- 
tartrate  of  potassa,  by  the  requisite  quantity  of  carbonate 
of  soda :  the  liquor  is  strained,  and,  on  evaporation  and 
cooling,  affords  regular  crystals,  rhomboidal  six  or  eight 
sided  prisms,  hard  and  transparent.  They  are  permanent 
in  the  air,  soluble  in  about  five  parts  of  cold  water,  and 
in  less  warm  water,  and  consist,  according  to  the  manner 
In  which  Vauqueiiii  has  stated  their  composition,  of  54/ 
parts  of  tartrate  of  potassa,  and  46  of  tartrate  of  soda. 

Tartrate  of  ammonia  is  a  very  soluble  salt,  which  how- 
ever crystallizes  in  slender  prisms.  The  tartrate  of  potassa 
and  ammonia,  formed  by  saturating  the  excess  of  aqid  in 
the  super-tartrate  of  potassa  by  ammonia,  forms  a  salt, 
soluble,  and  which  crystallizes  very  regularly  in  hexaedral 
prisms  acuminated  by  six  planes. 

The  binary  combinations  of  this  acid  with  barytes  and 
lime  are  insoluble  in  water,  but  may  be  dissolved  by  an 
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excess  of  acid.  Those  of  magnesia  and  argil,  though  so- 
luble, are  not  crystallizable,  their  solutions  forming,  on 
evaporation,  viscid  or  gelatinous  masses.  The  ternary 
compounds  which  these  form,  when  potassa  enters  into 
the  combination,  have  already  been  noticed. 

Tartaric  acid  is  capable  of  acting  on  the  metals,  at  least 
on  those  which  are  capable  of  decomposing  water,  so  as 
to  be  oxidized  ;  and  it  readily  combines  with  the  oxides 
of  the  others.  Few  of  these  combinations,  however,  have 
been  examined,  or  are  of  importance.  The  acid  does  not 
precipitate  the  solutions  of  gold,  platina,  or  silver  •,  but  its 
salts  do,  from  the  exertion  of  a  double  affinity.  In  the 
same  way  it  may  be  combined  with  oxide  of  mercury,  and 
forms  an  insoluble  compound.  It  unites  with  oxide  of 
copper,  and  forms  a  compound  of  little  solubility,  of  a 
green  colour.  It  acts  on  iron  in  its  metallic  state,  and 
dissolves  it  with  effervescence  ;  the  solution,  on  evapora- 
tion, does  not  crystallize,  but  becomes  gelatinous.  On 
zinc  its  action  is  similar.  It  combines  with  the  oxides  of 
tin  and  lead,  decomposing  their  solutions,  and  forming 
compounds  of  a  white  colour.  In  the  same  manner  it 
precipitates  the  solution  of  bismuth  of  a  fine  white  colour, 
forming  what  is  known  under  the  name  of  pearl  white. 
It  dissolves  the  oxides  of  antimony,  forming  a  compound 
which  crystallizes  irregularly  and  with  difficulty. 

Ternary  combinations  can  also  be  easily  formed  by  sub- 
jecting metals  or  their  oxides  to  the  actions  of  super-tar- 
trate  of  potassa.  Thenard  has  examined  several  of  these  * 
particularly.  The  alkaline  tartrates  (as  he  names  these  coni- 
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pounds)  of  manganese,  iron,  zinc,  and  tin,  are  very  solu- 
ble, and  are  of  diiTifcult  crystallization  :  they  are  not  de- 
composed, either  by  the  pure  alkalis  or  the  alkaline  carbo- 
nates, but  are  decomposed  by  sulphuretted  hydrogen,  the 
hydro-sulphurets,  and  the  gallic  acid.  The  alkaline  tar- 
trates of  silver  and  of  mercury  suffer  decomposition,  how- 
ever, not  only  from  these  agents,  but  likewise  from  the  al- 
kali^, either  pure  or  in  the  state  of  carbonate.  The  alka- 
line tartrate  of  lead  is  not  soluble  that  of  copper  is  dis- 
tinguished by  its  saccharine  taste,  and  the  great  quantity 
of  metal  which  it  contains.  The  tartrate  of  potassa  and 
antimony  is  by  far  the  most  important  of  these  combina- 
tions :  it  is  the  substance  which  has  been  long  used  in  me- 
dicine under  the  name  of  Emetic  Tartar,  and  which  is  su- 
perior to  all  the  other  antimonial  preparations,  in  tire  cer- 
tainty and  uniformity  of  its  operation.  The  method  of 
preparing  it  and  its  properties,  have  already  been  taken 
notice  of  under  the  history  of  antimony. 

Tartaric  acid,  in  its  pure  state,  is  not  applied  to  any 
use  ;  and  of  its  combinations,  some  only  are  employed  in 
the  practice  of  medicine. 


SECT.  XX. 

OF  BENZOIC  ACID. 

It  has  been  remarked,  in  treating  of  the  balsams,  that 
they  all  contain  a  peculiar  acid,  which  is  obtained  from 
,tbem  by  the  application  of  heat.    The  concrete  balsam. 
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named  Benzoin,  being  that  from  which  it  is  usually  pro- 
cured, it  has  received  the  name  of  Benzoic  Acid. 

The  common  process  for  obtaining  it  is  extremely  sim- 
ple. A  quantity  of  ber.zoin  being  reduced  to  coarse  povr- 
der,  is  put  into  an  earthen  matrass,  to  the  mouth  of  which 
a  paper  cone  is  adapted  j  a  moderate  heat  is  applied  ,  the 
benzoin  melts,  and  the  acid  is  volatilized  in  white  vapours  : 
these  condense,  and  adhere  to  the  sides  of  the  cone  in 
small  brilliant  crystals,  which,  when  the  sublimation  is 
slow,  appear  in  the  form  of  slender  prisms.  The  paper 
cone  is  changed  as  it  becomes  warm,  a  new  one  is  applied, 
care  being  taken  through  the  whole  operation  not  to  raise 
the  heat  too  high,  as  then  a  quantity  of  oily  matter  is  vo- 
latilized, by  which  the  acid  is  coloured  brown.  If  the  heat 
be  applied  as  long  as  any  product  is  volatilized,  a  larger 
quantity  of  benzoic  acid  is  obtained  than  by  any  other  pro- 
cess :  Chaptal  recommended  this  method,  purifying  the 
acid  by  repeated  solution  and  crystallization  •,  but  it  is  dif- 
ficult to  separate  the  oily  matter  from  it  entirely. 

Geoffrey  long  ago  discovered  that  this  acid  might  also 
be  extracted  from  benzoin  by  the  action  of  boiling  water  ; 
the  water,  after  having  been  boiled  on  the  benzoin  in  pow- 
der for  some  time,  being  filtrated,  affords  crystals  of  the 
acid  on  cooling.  Schecle  proposed  another  method  of  ob- 
taining it  in  the  humid  way  more  economical.  Four  parts 
of  benzoin  in  powder  and  one  partof  slaked  lime  are  mixed 
with  21  parts  of  water,  and  boiled  with  it  for  half  an  hour. 
The  benzoic  acid  combines  with  the  lime,  and  forms  a- 
compound  soluble  in  water,  TJie  undissolved  matter  Is 
allowed  to  subside,  and  the  liquor  when  clear  is  poured 
off :  a  fresh  quantity  of  water  is  boiled  on  the  residuum, 
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and  the  ley  thus  obtained  is  added  to  the  former  •,  and 
this  is  repeated  for  a  third  time.  The  whole  is  to  be  re- 
duced by  evaporation,  and  to  the  concentrated  solution 
there  is  to  be  added  gradually  muriatic  acid,  until  it  be 
sensibly  acid  the  muriatic  acid  combines  with  the  lime, 
and  the  muriate  of  lime  is  dissolved  by  the  water  ;  the 
benzoic  acid  being  insoluble  in  cold  water  is  precipitated 
in  a  powder  of  a  brownish  colour  :  this  is  washed  with  a 
little  water,  is  then  dissolved  in  boiling  water,  the  solu- 
tion is  filtered,  and  as  it  cools  colourless  crystals  of  ben- 
zoic acid  form.  About  H  drachms  are  obtained  by  this 
process  from  one  pound  of  benzoin.  Gren  introduced  a 
slight  modification  of  it,  by  boiling  the  benzoin  with  car- 
bonate of  soda,  and  adding  to  the  filtered  liquor  diluted 
sulphuric  acid,  so  as  to  precipitate  the  acid  of  benzoin  ; 
the  only  advantage  of  this  is,  that  it  is  supposed  to  be 
more  economical,  from  the  sulphuric  being  less  expensive 
than  the  muriatic  acid. 

Mr  Brande  has  giving  the  following  as  the  quantities  of 
benzoic  acid,  obtained  by  these  processes,  from  one  pound 


of  benzoin. 

02. 

dr. 

scr. 

By  Scheele's, 

1 

G 

2 

19 

—  Chaptal's, 

2 

0 

0 

0 

—  GeofFroy's, 

1 

0 

0 

10 

—  Gren's, 

1 

5 

1 

10  *. 

It  has  been  observed,  under  the  history  of  the  balsams, 
that  there  is  every  reason  to  conclude,  that  in  these  pro-  . 
cesses  the  benzoic  acid  is  not  actually  formed,  as  some 
chemists  have  imagined,  but  is  merely  extracted.    A  fact 


*  Nicholson's  Journal,  vol.  x.  p.  88. 
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observed  by  Mr  Hatchet  with  regard  to  its  production, 
niigKl  favour,  however,  the  former  opinion,  or  at  least 
lead  to  the  conclusion,  that  the  quantity  of  acid  is  increas- 
ed by  a  new  formation  of  it.  He  found,  that  the  balsams, 
when  they  had  been  mixed  with  sulphuric  acid,  afforded 
a  considerable  quantity  of  benzoic  acid  by  sublimation,  and 
that  some  even,  as  dragon's  blood,  afforded  it  when  sub- 
jected to  this  treatment,  which  did  not  afford  it  when  ex- 
posed to  heat  alone  *.  But  it  is  not  improbable  that  the 
acid  may  facilitate  its  separation,  by  the  action  it  exerts  on 
the  resinous  matter,  and  perhaps  by  preventing  the  forma- 
tion of  empyreumatic  oil,  so  as  to  allow  of  the  heat  being 
raised  higher  or  applied  for  a  longer  time. 

Benzoic  acid  is  likewise  formed  in  the  animal  system. 
It  is  found  particularly  in  the  urine  of  the  horse,  cow,  and 
other  gramenivorous  animals.  Fourcroy  appears  to  sup- 
pose, however,  that  it  is  derived  from  some  of  the  grasses 
on  which  these  animals  feed.  It  is  also  sometimes  found 
in  the  urine  of  children,  and  in  general  is  more  or  less  pre- 
sent when  phosphoric  acid  is  deficient. 

Benzoic  acid  is,  according  to  the  method  in  which  it  has 
been  obtained,  in  soft-like  flakes,  or  in  slender  needle-like 
crystals,  frequently  of  considerable  length  ;  when  pure, 
'white  and  brilliant.  Its  taste  is  pungent,  and  slightly  a- 
cidulous.  It  has  a  peculiar  odour,  somewhat  aromatic, 
and  which  becomes  strong  when  it  is  heated  and  volati- 
lized. This  was  considered  as  essential  to  it ;  but,  from 
the  experiments  of  Giesse,  it  appears  to  be  not  so,  benzoic 
acid  having  been  obtained  by  him  inodorous,  without  any 


*  Philosophical  Transactions,  1805, 
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of  its  Other  qualities  being  changed.  This  he  effected  by 
combining  the  acid  with  a  solution  of  potassa,  and  preci- 
pitating it  from  this  combination  by  muriatic  acid.  On 
each  repetition  of  this  experiment,  the  odour  diminished, 
and,  after  the  third,  it  had  entirely  disappeared.  Another 
process,  more  simple,  and  equally  successful,  was  to  dis- 
solve the  odorous  acid  in  as  small  a  quantity  as  possible  of 
alkohol :  to  drop  into  the  solution  water  until  the  acid  waS 
precipitated  :  this  acid,  when  dried  by  a  gentle  heat,  was 
found  to  be  inodorous  ;  the  small  quantity  of  oily  matter 
derived  from  the  balsam  to  which  its  odour  is  owing  re- 
maining combined  with  the  alkohol  *. 

This  acid  is  volatilized  by  heat,  as  is  evident  from  the 
manner  in  which  it  is  prepared,  and  its  vapour  is  acrid  and 
suffocating  ;  it  is  also  fusible  j  and  when  it  has  become  so- 
lid after  fusion,  its  surface  exhibits  a  stellular  radiated  ap- 
pearance. Heated  on  burning  fuel,  it  inflames.  Urged 
with  a  strong  fire  in  close  vessels,  the  portion  that  is  not 
immediately  sublimed  is  decomposed,  and  affords  an  acid 
liquid,  a  quantity  of  oil  more  abundant  than  what  is  pro- 
duced in  the  decomposition  of  any  qther  vegetable  acid  : 
carburetted  hydrogen  is  also  disengaged  in  a  considerable 
proportion,  and  a  small  quantity  of  charcoal  is  left  in  the 
retort.  This  decomposition  is  more  completely  effected 
when  the  volatilization  of  the  acid  is  prevented  by  previous- 
ly mixing  it  with  sand.  The  results  show,  that  "it  is  com- 
posed of  the  usual  principles  of  vegetable  matter,  and,  com- 
pared with  the  other  vegetable  acids,  that  hydrogen  predo- 
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minates  in  its  composition,  to  which,  probably,  its  volatility 
and  inflammability  are  owing. 

It  is  scarcely  soluble  in  cold  water.  According  to  Wen- 
zel  and  Lichtenstein,  400  parts  of  cold  water  are  required 
for  dissolving  one  part  of  it ;  while  the  same  quantity  of 
boiling  water  can  dissolve  20  parts  of  it,  19  of  which  again 
separate  by  crystallization  on  cooling.  »Its  hot  solution 
reddens  the  infusion  of  litmus.  Alkohol  dissolves  it  abun- 
dantly ;  and  it  is  precipitated  from  this  solution  by  the  ad- 
dition of  cold  water. 

Benzoic  acid  is  not  easily  decomposed  by  the  mineral 
acids.  Sulphuric  acid  dissolves  it ;  and,  on  the  addition 
of  water,  the  benzoic  acid  is  separated  unaltered,  a  small 
'  portion  of  it  having  been  decomposed,  as,  according  to 
Bergman,  a  little  sulphurous  acid  is  formed.  Nitric  acid 
dissolves  it,  and  water  equally  separates  it  from  this  solu- 
tion unaltered  ;  but  if  the  acid  be  distilled  from  it,  it  suf- 
fers, according  to  Hermbstaedt,  some  chemical  change. 

This  acid  unites  easily  with  the  alkalis  and  earths.  Its 
salts  are  denominated  Benzoates  :  their  properties  are  not 
important,  and  have  not  been  very  fully  described, 

Benzoate  of  potassa  is  obtained  in  acicular  crystals,  which 
are  soluble  in  water,  and  deliquescent.  Benzoate  of  soda 
is  equally  soluble  and  crystallizable,  but,  according  to  Berg- 
man, does  not  deliquesce.  Benzoate  of  ammonia  is  pos- 
)Sessed  of  the  same  properties;  is  volaule,  and  easily  decom- 
posed. Benzoate  of  barytes,  unlike  many  of  the  barytic 
salts,  is  likewise  very  soluble,  and  crystallizes  without  dif- 
ficulty. The  same  may  be  said  of  benzoate  of  lime.  The 
benzoates  of  magnesia  and  argil  are  soluble,  crystallizable, 
and  deliquescent. 

Y  2 
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The  combinations  of  benzoic  acid  with  the  metals  have 
been  made  the  subject  of  experiment  by  Trommsdorff.  He 
boiled,  either  on  the  metal  in  a  state  of  mechanical  division, 
or  on  its  oxide,  the  acid  of  benzoin,  with  as  much  water 
as  was  sufficient  for  its  solution  •,  and  by  this  general  ex- 
periment established  the  following  results  :  With  oxide  of 
gold,  a  solution  was  obtained  which  shoots  into  irregular 
crystals,  which  are  permanent  in  the  air,  dissolve  with  dif- 
ficulty in  water,  and  scarcely  at  all  in  alkohol.  The  oxide 
of  silver  is  scarcely  dissolved  ;  but  a  benzoate  of  this  me- 
tal is  obtained,  by  addipg  benzoate  of  potassa  to  a  solution 
of  nitrauc  of  silver ;  a  precipitate  is  thrown  down,  which 
is  soluble  in  hot  water,  but  precipitates  again  on  cooling, 
and  which,  like  the  other  salts  of  silver,  is  blackened  by 
light.  The  solution  of  oxide  of  platina  affords  minute  ag- 
gregated crystals,  permanent  in  the  air,  difficultly  soluble 
in  water,  and  insoluble  in  alkohol.  The  solution  of  oxide 
of  quicksilver  affords  by  evaporation  a  white  brilliant  mass, 
somewhat  soluble  in  alkohol,  but  not  sensibly  soluble  in 
water.  Oxide  of  copper  is  easily  dissolved  by  the  acid,  and 
a  solution  obtained,  which  shoots  into  small  pointed  crys- 
tals of  a  dark  green  colour,  dlfiicultly  soluble  in  water,  and 
insoluble  in  alkohol.  Oxide  of  tin  is  not  dissolved.  Lead 
is  somewhat  eroded,  and  its  oxide  is  dissolved  readily, 
forming  a  solution  of  a  sweetish  taste,  which  shoots  into 
very  white  shining  crystals,  soluble  both  in  water  and  in 
alkohol.  Iron  is  dissolved  in  small  quantity  :  the  solution 
ob  tained  from  the  oxide  affords  crystals  of  a  yellowish 
tinge,  having  a  sweet  taste,  which  are  soluble  in  water, 
and  become  more  highly  oxidized  from  exposure  to  the  air. 
The  solution  of  oxide  of  zinc  has  a  sweet  styptic  taste,  and 
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yields  arborescent  crystals,  which  are  soluble  both  in  al- 
fcohol  and  water.  The  solution  of  oxide  of  bismuth  yields 
a  light  mass,  composed  of  white  crystalline  spicule,  easily 
soluble  in  boiling  water,  and  sparingly  soluble  in  alkohol. 
Oxide  of  antimony  affords  a  solution  which  does  not  crys- 
tallize, but,  on  evaporation,  gives  a  white  flaky  mass,  rea- 
dily soluble  in  water,  and  in  alkohol.  White  oxide  of 
manganese  is  dissolved  by  the  acid  boiled  on  it,  and,  by 
evaporation,  small  scaly  crystals  are  obtained,  abundantly 
soluble.  Oxide  of  nickel  gives  a  solution  of  a  pale  green 
colour,  which  does  not  crystallize.  The  solution  of  oxide 
of  cobalt  affords  crystals  of  nearly  the  same  figure  as  the 
benzoic  acid  itself.  The  solution  of  oxide  of  arsenic  gives 
plumose  crystals,  which  exposed  to  the  air  effloresce, 
which  are  soluble  in  hot  water,  and  crystallize  on  cooling*. 

Benzoic  acid,  either  in  its  pure  form,  or  in  any  of  its 
combinations,  is  applied  to  no  use.  It  was  formerly  em- 
ployed in  the  practice  of  mcdiciae,  and  still  enters  into 
one  or  two  ofHcinal  preparations  ;  but  it  does  not  appear 
po  have  any  medicinal  virtue. 


SECT.  XXL 

OF  ACETIC  ACHD. 

This,  like  several  of  the  other  vegetable  acids,  is  a  na- 
tive production,  and  is  also  capable  of  being  artificially 
formed.    It  exists,  as  has  already  been  remarked,  (page 


*  Crell's  Chemical  Journal,  vol.  iii.  p.  11. 

y  3 


342  OF  PllUSSIC  ACID. 

22.)  very  generally  in  the  sap  of  vegetables,  combined- 
with  potassa  and  lime,  and  is  sometimes  also  present  in 
excess.  It  is  discovered  by  evaporating  the  sap,  and  add- 
ing to  the  solid  matter  sulphuric  acid  :  the  vapours  of 
acetic  acid  are  then  perceived  by  their  smell.  It  is  more 
peculiarly,  however,  the  produce  of  fermentation;  and  the 
production  of  it  even  characterizes  one  stage  of  that  pro- 
cess. It  is  under  it,  therefore,  that  its  chemical  history 
will  best  be  placed. 


SECT.  XXII. 

OF  PRUSSIC  ACID. 

The  Acid  to  which  this  name  has  been  given,  is  usually- 
obtained  in  the  decomposition  of  certain  animal  substances 
by  heat,  being  formed  by  new  combinations  of  the  elements 
of  animal  matter.  But  it  has  lately  been  discovered,  that 
it  exists  also  as  a  product  of  the  vegetable  system.  It  had 
always  been  observed,  that  this  acid  has  even  in  ^  high  de- 
gree the  peculiar  fragrant  smell  of  peach  blossoms  ;  and  it 
had  also  been  observed,  that  the  same  smell,  more  or  less, 
faint,  is  perceptible  in  the  distilled  waters  from  the  leaves 
of  the  cherry-laurel,  the  seeds  of  the  bitter  almond,  and 
some  similar  vegetables,  all  of  which  are  more  or  less  nar- 
cotic. Bohn  at  length  found,  that  when  potassa  was  add- 
ed to  the  water  distilled  from  the  bitter  almond,  it  ac- 
quired the  property  of  forming  a  blue  precipitate  with  so- 
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lutions  of  iron, — the  sure  indication  of  the  presence  of 
prussic  acid.  Schroeder  confirmed  this,  and  found  far- 
ther, that  the  same  acid  is  contained  in  the  distilled 
waters  of  the  peach  blossom  and  the  cherry-laurel,  so  that 
even  a  prussiate  might  be  obtained  from  them  crystallized, 
by  distilling  them  from  potassa.  These  singular  results 
were  confirmed  by  Vauquelin  and  by  Bucholz.  The  lat- 
ter chemist  succeeded  in  separating  prussic  acid  from  the 
essential  oil  of  the  dherry-laurel,  by  agitation  with  solution 
of  potassa.  And  RolufF  has  since  shown,  that  lime-wa- 
ter, and  water  of  ammonia,  with  the  latter  of  which  Bu- 
cholz did  not  succeed,  abstract  the  prussic  acid  from  the 
same  oil,  as  well  as  from  the  oil  of  the  bitter  almond  *. 
Prussic  acid  therefore  may  be  classed  with  the  vegetable 
acids  •,  but  as  it  is  more  peculiarly  formed  from  animal 
matter,  and  is  more  analogous  in  composition  to  animal 
substances,  its  history  will  be  afterwards  delivered. 


SECT,  xxiir. 

OF  MOIIOXYLIC  ACID. 

This  name  has  been  given  by  Klaproth  to  an  acid 
which  he  extracted  from  a  saline  efflorescence,  found  by 
Mr  Thomson  to  form,  on  the  trunk  of  the  white  mulberry 
(Morus  alba),  in  the  botanical  garden  at  Palermo.  The 


*  Journal  de  Physique,  torn.  h.p.  165.  179.  torn.  Ivi.  An- 
Hales  de  Chimie,  torn.  xlv.  Philosophical  Magazine,  vol.  xviii. 
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examination  of  it  was  imperfect,  from  the  smallness  of  the 
quantity  of  the  substance  affording  it  in  the  possession  of 
Klaproth ;  but  as  he  regards  it  as  a  pecuhar  acid,  it  is  ne- 
cessary to  give  it  a  place,  though  farther  investigation  may 
perhaps  connect  it  with  one  or  other  of  the  acids  already 
known.  In  its  properties  it  approaches  nearest  to  the 
succinic  acid. 

The  saline  exudation,  accordlirg  to  Klaproth's  experi- 
ments, consists  of  this  acid  in  combination  with  lime,  and 
mixed  with  a  portion  of  extractive  matter.  It  is  of  a  brown 
colour approaches  to  succinic  acid  in  its  taste  j  swells  up 
when  placed  on  burning  fuel,  and  emits  an  acrid  vapour, 
leaving  an  earthy  residuum.  By  solution  in  water,  and 
crystallization,  the  saline  matter  is  obtained  more  pure, 
and  of  a  lighter  colour.  The  alkaline  carbonates  precipi- 
tate lime  from  its  solution,  and  precipitates  are  also  form- 
ed from  it  by  nitrate  of  silver  and  acetite  of  lead.  Expos- 
ed to  heat,  it  gives  an  acid  liquor,  an  empyreumatic  oi^  t^io, 
gases  that  are  usually  disengaged  from  vegetable  matter 
and  leaves  a  residuum  of  charcoal  and  lime. 

The  pure  acid  was  obtained  from  this  salt  by  two  pro- 
cesses. In  the  first,  to  a  solution  of  the  salt  a  solution 
of  acetate  of  lead  was  added  :  the  precipitate  thus  form- 
ed, consisting  of  the  acid  united  with  oxide  of  lead,  was 
mixed  with  sulphuric  acid,  diluted  with  three  times  its 
weight  of  water.  Sulphate  of  lead  was  formed,  and  the 
filtered  liquor,  by  evaporation,  afforded  the  moroxylic  acid, 
in  needles  of  a  pale  straw  colour.  In  the  second,  the  salt 
itself  was  decomposed  by  sulphuric  acid,  the  sulphate  of 
lime  separated,  and  the  pure  acid  obtained. 

This  acid  approaches  still  more  nearly  than  the  salt 
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from  which  it  is  obtained  to  succinic  acid  in  its  taste.  It 
remains  dry  on  exposure  to  the  air,  and  is  soluble  both  ia 
water \nd  in  alkohol.  When  heated  in  a  retort,  a  small 
quantity  of  acid  liquor  is  first  obtained  :  a  concrete  salt 
next  rises,-  which  condenses  in  the  form  of  prismatic  crys- 
tals, colourless  and  transparent ;  a  little  charcoal  remained 
in  the  retort.  To  separate  the  sublimed  salt  from  the 
coally  residuum,  the  whole  contents  of  the  retort  were  dis- 
solved, and  the  liquor  filtered.  The  solution  was  perfect- 
ly clear,  and,  by  spontaneous  evaporation,  deposited  the  a- 
cid  in  colourless  crystals.  It  appears,  therefore,  that  sub- 
limation is  the  best  mode  of  obtaining  it  free  from  the  ex- 
tractive matter,  which  adheres  too  strongly  to  it  to  be  se- 
parated in  the  humid  way.  This  acid,  in  its  pure  state, 
did  not  precipitate  the  metallic  solutions,  as  the  native  salt 
does  from  which  it  is  extracted 


SECT.  XXIV. 

OF  UOOD  on  LIGKIX. 

Wood  is  In  every  vegetable  the  basis  to  which  the  other 
principles  are  attached,  or  through  which  they  are  diffused  ; 
the  skeleton  as  it  were  of  the  entire  plant,  and  the  sub- 
stance of  which  its  vessels  are  formed.  The  bark,  and 
the  fibrous  part  of  the  leaves,  appear  to  be  of  a  similar  na- 
ture. The  term  Woody  Tibre  has  been  applied  to  denote 
it,  or  the  name  Lignin  may  be  given  to  it  as  a  peculiar 


*  Nicholson's  Journal,  vol.  x.  p.  129. 
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principle.   It  has  every  claim  to  be  regarded  as  such,  since 

it  is  possessed  of  properties  sufficiently  appropriate,  and 

» 

which  are  possessed  by  it  uniformly  as  it  exists  in  different 
plants. 

Wood  is  distinctly  fibrous  in  its  texture,  and,  as  form- 
ing the  solid  parts  of  plants,  these  fibres  are  interlaced.  It 
is  inodorous,  insipid,  and  perhaps  when  perfectly  pure  is 
free  from  colour.  Its  specific  gravity  is  generally  inferior 
to  that  of  water.  The  wood  of  plants,  however,  is  fre- 
quently possessed  of  colour,  taste  and  smell,  from  the  pre- 
sence of  extractive  matter,  mucilage,  resin,  or  essential  oil. 
It  is  only  when  these  have  been  extracted  by  the  action  of 
water  and  alkohol,  that  the  wood  can,  as  a  chemical  prin- 
ciple, be  regarded  as  pure.  A  fibrous  matter  often  pul- 
verulent, remains  after  this  operation,  and  it  is  from  this 
that  the  characters  of  this  principle  must  be  derived. 

The  pure  ligneous  fibre  is  altogether  insoluble  in  water : 
even  when  the  water  is  boiled  on  it,  it  is  not  dissolved. 
It  is  equally  insoluble  in  alkohol :  and  hence  it  forms  the 
residuum,  when  any  of  the  solid  parts  of  plants  have  been 
acted  on  by  these  fluids. 

From  exposure  to  the  air  in  a  dry  state,  it  does  not  ap- 
pear to  siifFer  any  change  but  when  humid,  it  is  gradu- 
ally decomposed,  and  passes  through  various  intermediate 
states  to  that  of  a  black  mould,  consisting  principally  of 
carbon.  Saussure  Junior  has  found,  that  the  oxygen  of  the 
atmospheric  air  is,  during  this  change,  consumed,  and  that 
it  is  replaced  by  an  equal  volume  of  carbonic  acid  gas ; 
and  he  concludes  from  his  experiments,  that  the  oxygen 
abstracts  part  of  the  carbon  of  the  wood,  but  that  it  loses 
at  the  same  time  a  larger  proportion  of  its  oxygen  and  hy- 
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drogen,  which  form  water ;  and  that  by  the  abstraction  of 
these  principles,  the  proportion  of  carbon  is  increased  in 
the  residual  matter.  When  the  air  is  excluded,  and  the 
wood  is  decomposed  by  the  influence  of  water  alone,  with- 
out the  contact  of  oxygen,  the  changes  are  different,  and 
the  proportion  of  carbon  is  rather  diminished  than  in- 
creased *.  It  is  known  too,  that  when  the  air  is  entirely 
excluded,  wood  decomposes  with  extreme  slowness,  even 
though  humid,  as,  for  example,  when  it  is  buried  in  the 
earth.  It  is  only  by  the  joint  action  of  air  and  water,  that 
its  rapid  decomposition  is  occasioned. 

According  to  the  same  chemist,  water  boiled  on  wood, 
not  merely  dissolves  the  extractive  matter  it  contains,  but 
actually  forms  a  portion  of  it,  so  that  it  is  impossible  to 
reduce  wood  by  repeated  decoctions  to  such  a  state  that  it 
shall  not  afford  it ;  each  decoction  or  maceration,  with  the 
contact  of  the  air,  producing  a  portion  of  extract  which 
either  did  not  before  exist,  or  which  is  rei^dered  soluble 
by  a  change  in  its  principles.  He  boiled  a  quantity  of  oak 
saw-dust,  (three  ounces),  in  twenty-four  times  its  weight 
of  water,  poured  off  the  decoction,  evaporated  it  so  as  to 
ascertain  the  quantity  of  matter  dissolved,  and  repeated 
this  a  number  of  times.  The  quantity  of  matter  afforded 
by  the  first  decoction  was  90  grains  ;  that  by  the  second 
29  grains.  It  continued  to  diminish  to  the  ninth  decoc- 
tion ;  the  eleventh  and  twelfth  afforded  the  same  quantity 
as  the  ninth,  amounting  to  4  grains.  The  remaining  saw- 
dust was  then  exposed  to  the  air  for  two  months.  On  be- 
ing submitted  to  a  new  decoction,  it  gave  5|  grains  of  ex- 


*  Recherches  Chimiques,  p.  H8.  ^ 
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tract,  a  quantity  therefore  greater  than  at  the  ninth  decoc- 
tion :  the  fourteenth  decoction  afforded  4  grains  :  and  af* 
ter  a  new  exposure  for  two  months  to  the  air,  the  quanti- 
ty was  again  augmented  to  5\  grains.  Wood,  the  most 
completely  freed  of  its  soluble  principles,  furnishes  always 
by  maceration  in  water  with  the  contact  of  air,  infusions 
holding  extractive  matter  dissolved  *. 

The  alkalis  act  on  wood  :  when  an  alkaline  solution  is 
allowed  to  remain  over  any  wood,  it  receives  colour,  and 
the  colour  of  the  wood  is  also  darkened.  With  the  as- 
sistance of  heat,  they  soften,  and  partly  dissolve  and  decom- 
pose It. 

The  stronger  acids  also  act  on  it.  Sulphuric  acid  im- 
mediately chars  it,  rendering  it  in  a  short  time  perfectly 
black  and  soft.  Nitric  acid  immediately  gives  it  a  yellow 
tinge  ;  and  when  acting  on  it  in  large  quantity,  it  disen- 
gages, according  to  Fourcroy,  a  portion  of  nitrogen  gas, 
and  converts  it  principally  into  oxalic  acid,  with  small 
quantities  of  malic  and  acetic  acids. 

When  wood  Is  exposed  to  heat  in  close  vessels,  as  In  aa 
iron  retort,  a  portion  of  water  distils  over,  v/hich,  as  the. 
distillation  proceeds,  becomes  more  and  more  acid,  and  at 
length  a  liquor  very  acid  and  pungent,  of  a  yellow  colour, 
is  condensed  \  an  empyreumatic  oil  likewise  passes  over  In 
considerable  quantity  :  carburetted  hydrogen,  and  carbonic 
acid  gases  are  likewise  disengaged,  and  a  portion  of  am- 
monia is  produced,  which  exists  neutralized  In  the  acid 
liquor.  A  concrete  charcoal  remains,  which  retains  com- 
pletely the  figure,  and  even  in  some  measure  the  texture 
of  the  wood.    The  acid  procured  in  this  process,  was 

*  Rccherches  Chimiques,  p.  150. 
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formerly  regarded  as  a  peculiar  one,  and  named  Pyro-ligne- 
ous  Acid.    The  researches  of  Fourcroy  and  Vauquelin 
have  shewn,  that  it  is  merely  diluted  acetic  acid,  with  an 
impregnation  of  empyreumatic  oil.    It  is  afforded  in  so 
large  a  quantity,  that  the  process  is  even  employed  to  fur- 
nish this  acid,  for  some  of  the  purposes  to  which  it  is  ap- 
plied.    In  preparing  charcoal  for  the  fabrication  of  gum 
powder,  the  wood  being  distilled  in  iron  retorts,  the  acid 
liquor  is  collected,  and  is  used  by  the  calico-printers  to 
form  the  acetate  of  iron,  which  they  employ  as  a  mordant. 
When  v/ood  is  heated,  without  the  air  being  perfectly- 
excluded,  it  becomes  black,  exhales  acrid  penetrating  va- 
pours, composed  of  the  empyreumatic  acid  ar.d  oil,  and 
the  charcoal  remains.     Ic  affords,  after  its  combustion,  a 
quantity  of  saline  matter,  principally  carbonate  and  sul- 
phate of  potassa  and  of  lime,  muriate  of  potassa,  and  phos- 
phates of  magnesia  and  lime  •,  and  also  portions  of  earths 
and  metala,  particularly  silex,  iron,  and  manganese.  All 
these,  however,  are  not  essential  to  the  composition  ;  on 
the  contrary,  the  greater  number  are  accidental,  and,  as 
Saussure  has  shewn,  often  dependent  on  the  soil,  and  de- 
rived from  it,  as  has  been  already  stated  (p.  100).  The 
portion  of  charcoal  afforded  by  different  woods,  is  differ- 
ent, being  more  as  the  wood  is  co;.ipact  and  dense  :  and 
the  quantity  of  saline  matter  afforded  is  also  different. 
On  this  subject,  the  researches  of  Saussure  have  been  ex- 
tensive ;  and  his  tables,  which  are  too  numerous  to  be  in- 
serted, present  a  number  of  facts  on  the  incineration  of 
different  v/oods,  the  quantity  of  saline  matter  it  affords, 
and  the  circumstances  by  which  the  production  of  this  ap- 
pears to  be  influenced. 
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When  the  air  is  freely  admitted,  and  the  heat  raised  to 
ignition,  wood  burns.  Its  combustion  is  at  first  vivid,  or 
gives  much  light,  from  the  extrication  of  the  hydrogen  in 
combination  with  a  part  of  its  carbon,  but  as  this  is  dissi- 
pated, the  light  is  diminished,  and  there  is  at  length  only 
the  red  glow  of  the  charcoal.  The  products  of  the  com- 
bustion have  not  been  ascertained  with  much  accuracy. 
They  are  principally  carbonic  acid  and  water  and  if  ni- 
trogen be  a  constituent  principle  of  wood,  as  its  analysis 
by  heat  appears  to  prove,  ammonia  will  probably  also  be 
evolved.  An  ammoniacal  salt  is  accordingly  always  found 
in  the  soot  of  fuel. 

From  the  analysis  of  wood,  it  appears  to  consist  of  car- 
bon, hydrogen,  oxygen,  and  nitrogen,  with  probably  lime. 
It  is  evidently,  of  all  the  vegetable  principles,  that  which 
contains  the  largest  proportion  of  carbon  j  since,  indepen- 
dent of  the  quantity  of  this  principle  disengaged  in  its  ana- 
lysis, in  the  state  of  carbonic  acid  and  other  elastic  pro- 
ducts, the  residual  charcoal  amounts  to  one  fourth  or  fifth 
of  the  weight  of  the  original  wood.  From  this  predomi- 
nance of  carbon,  it  probably  derives  its  solidity,  and  its 
inactivity  as  a  chemical  substance. 


CoRTC  is  a  substance  analogous  to  wood.  The  substance 
to  which  this  name  is  usually  appropriated,  is  the  external 
bark  of  the  Ouercus  subcr ;  but  Fourcroy  supposes,  that 
the  epidermis  of  all  ligneous  vegetables  is  of  a  similar  na- 
ture ;  and  they  are  probably  all  varieties  of  the  matter 
which  constitutes  the  ligneous  fibre. 
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Cork  IS  light,  soft,  spongy,  and  elastic  :  it  is  inflamma- 
ble ;  afFords  a  little  ammonia  by  distillation  ;  and  is  acted 
on  by  chemical  agents,  in  nearly  the  same  manner  as  wood. 

The  principal  peculiarity  with  regard  to  it,  and  in  which 
it  differs  from  wood,  is  that  of  affording  an  acid  different 
from  every  other,  when  acted  on  by  the  nitric  acid.  This 
was  first  observed  by  Brugnatelli ;  but  the  production  and 
properties  of  this  acid,  named  the  Suberic,  have  been  more 
fully  investigated  by  Bouillon  Lagrange  *. 

The  process  which  he  employed  to  obtain  it,  consists  in 
pouring  on  cork  in  a  retort,  six  times  its  weight  of  diluted 
nitric  acid,  and  distilling  it  from  it  with  a  gentle  heat. 
When  the  heat  is  applied,  red  vapours  are  extricated  ;  the 
cork  swells  and  becomes  yellow  ;  and  as  the  distillation 
proceeds,  a  soft  spongy  matter  rises  to  the  surface.  The 
distillation  is  continued,  until  the  production  of  red  va- 
pours ceases  ;  the  whole,  while  warm,  is  poured  into  a 
glass  or  porcelain  bason,  placed  on  a  sand-bath,  and  a  mo- 
derate heat  is  applied,  stirring  the  matter  constantly  with 
a  glass  spatula.  It  is  thus  gradually  thickened  :  and  as  soon 
as  it  ceases  to  disengage  white  irritating  vapours,  the  ves- 
sel is  removed  from  the  sand-bath,  and  the  residual  mass 
agitated  until  it  is  nearly  cold.    A  substance  is  obtained, 
of  the  consistence  of  honey,  of  a  yellow  colour,  and  a  sharp 
penetrating  odour  when  it  is  warm,  an  aromatic  odour 
when  cold.    To  obtain  the  acid  which  is  coiitained  in  it, 
it  is  put  into  a  matrass,  and  twice  its  weight  of  distilled 
water  is  poured  upon  it ;  it  is  heated  so  as  to  liquefy  it, 
and  the  solution  is  filtered  from  the  part  that  is  not  dis- 


*  Annales  de  Cbimie,  torn,  xxiii.  p.  42. 
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solved  by  the  water.  It  is  of  a  clear  amber  colour,  and  has 
a  smell  approaching  to  that  of  prussic  acid  :  on  cooling  it 
becomes  turbid  :  the  precipitate  which  falls  down  is  sepa- 
rated by  filtration,  and  the  acid  obtained  more  pure.  It 
is  still,  however,  somewhat  coloured,  but  the  colour  is  re- 
moved, either  by  saturating  it  with  an  alkali,  and  again 
precipitating  it  by  an  acid,  or  by  boiling  it  with  charcoal. 
It  is  obvious,  that  in  this  operation  the  production  of  the 
acid  is  owing  to  the  communication  of  oxygen  from  the 
nitric  acid  to  the  principles  of  the  cork,  though  how  far 
any  of  these  is  expended  in  the  formation  of  products  dif- 
ferent from  the  acid,  is  not  determined.  Carbonic  acid 
gas  is  disengaged  during  the  operation,  along  with  the  ni- 
trous vapours.  The  matter  deposited  during  the  forma- 
tion of  the  acid,  consists  principally  of  a  substance  which 
separates  and  assumes  the  consistence  of  wax,  and  of  a 
white  tasteless  powder,  which  has  some  analogy  with  fe- 
cula. 

Suberic  acid  may  be  obtained  in  a  solid  form,  but  is  not 
crystallizable:  it  is  either  pulverulent  when  it  has  been  pre- 
cipitated, or  when  obtained  by  evaporation  is  in  tliin  irre- 
gular pellicles.  Its  taste  is  slightly  bitter  and  acid  :  dis- 
solved in  a  small  quantity  of  boihng  water,  it  is  irritating 
to  the  throat,  and  excites  coughing.  It  reddens  the  vege- 
table colours,  and  it  attracts  a  little  humidity  from  the 
air,  especially  when  it  is  not  perfectly  pure.  Exposed  to 
heat.  It  is  volatilized,  and  forms  crystalline  flakes  on  the 
sides  of  the  vessel.  Heated  by  the  blow-pipe,  it  first  li- 
quefies, then  becomes  pulverulent,  and  lastly  is  sublimed, 
exhaling  an  odour  of  sebacic  acid.  It  becomes  brown  from 
exposure  to  light. 
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At  the  temperature  of  60°,  an  ounce  of  water  dissolves 
10  grains  of  the  concrete  acid,  but  if  it  is  very  pure,  not 
more  than  4  grains.  Boiling  water  dissolves  half  its 
weight. 

It  is  not  altered  by  oxygen  gas.  The  mineral,  or  the 
other  vegetable  acids,  have  little  action  on  it,  and  do  not 
completely  dissolve  it,  especially  when  it  is  not  quite  pure. 
Alkohol  developes  in  it  an  aromatic  odour. 

Suberic  acid  unites  with  the  alkalis  and  earths.  Its  salts 
are  named  Suberates.  The  mineral  acids  in  general  pre- 
cipitate the  suberic  acid  from  their  solutions  j  and  they  are 
decomposed  by  solutions  of  almost  all  the  metallic  salts. 

Suberate  of  potassa,  formed  by  adding  suberic  acid  to 
carbonate  of  potassa,  crystallizes  in  four-sided  prisms ;  has 
a  bitter  saline  taste  ;  is  fused  and  decomposed  by  heat ; 
and  very  soluble  in  water.  Suberate  of  soda  does  not  cry- 
stallize :  its  taste  is  slightly  bitter  ;  it  is  very  soluble  in 
water,  and  attracts  humidity  from  the  air.  It  is  also  so- 
luble in  alkohol.  Suberate  of  ammonia  has  a  saline  bit- 
terish taste  :  it  is  crystallizable  ;  is  very  soluble  in  wa- 
ter ;  attracts  a  little  humidity  from  the  air,  and  is  volati- 
lized when  heated  before  the  blow-pipe.  Suberate  of  ba- 
rytes  is  not  crystallizable,  and  is  scarcely  soluble  in  water, 
except  from  excess  of  acid.  Suberate  of  lime  is  also  very 
sparingly  soluble  in  water  :  boiling  water  dissolves  a  por- 
tion of  it,  but  the  greater  part  precipitates  on  cooling  ; 
nor  does  it  crystallize  :  it  is  perfectly  white :  its  taste  is  a 
little  saline.  Suberate  of  magnesia  is  in  the  form  of  a  pow- 
der :  it  has  a  bitter  taste  ;  attracts  a  little  humidity  from 
the  air ;  is  soluble  in  water,  and  is  decomposed  by  heat, 
Suberate  of  argil  cannot  be  obtained  in  a  crystalline  form. 
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but,  when  reduced  to  dryness  by  evaporation,  is  in  the 
state  of  a  dry  mass,  of  a  yellow  colour,  transparent,  having 
a  styptic  bitterish  taste  :  if  too  much  heat  has  been  applied, 
it  melts  and  becomes  black. 

Suberic  acid  has  no  action  on  platina,  gold  or  nickel ; 
but  it  forms  salts  with  .the  greater  number  of  the  other 
metals.  In  general  these  salts  do  not  crystallize,  and  they 
have  a  tendency  to  form  with  an  excess  of  acid.    Its  ac- 

4 

tion  on  some  metallic  solutions  give  some  appearances 
which  may  serve  to  distinguish  it.  It  decomposes  acetate 
and  nitrate  of  lead,  and  nitrates  of  mercury  and  silver  : 
with  nitrate  of  copper  it  forms  no  precipitate,  but  the  blue 
colour  of  the  solution  passes  to  green,  as  does  also  that  of 
sulphate  of  copper :  the  solution  of  sulphate  of  iron  be- 
comes of  a  deep  yellow,  and  that  of  sulphate  of  zinc  of  a 
clear  golden  yellow. 

A  character  peculiar  to  it  is,  that  when  a  few  drops  of 
it  are  added  to  a  solution  of  indigo  in  sulphuric  acid,  it 
causes  the  blue  colour  to  pass  to  a  green. 

Bouillon  Lagrange,  in  concluding  his  memoir  on  this 
acid,  points  out  the  characters  by  which  it  is  distinguish- 
ed from  the  known  vegetable  acids  :  from  the  citric,  by 
not  crystallizing  ;  from  the  gallic,  by  not  precipitating  iron 
black  j  from  the  mallic,  by  being  obtained  in  a  concrete 
form  ;  from  the  tartaric,  by  its  volatility  \  from  the  oxalic, 
by  not  precipitating  the  solution  of  sulphate  of  copper,  and 
by  yielding  to  it  lime.  From  these,  and  the  phenomena 
presented  in  its  combinationSj  he  considers  it  as  proved  to 
be  difFcrent  from  all  the  other  acids. 

These  observations  are  so  far  just.  Yet  it  is  to  be  ob- 
served, that  this  acid  does  not  appear  to  have  ever  been  ob- 
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tained  pure.  A  portion  of  extractive  matter  is  formed  along 
with  it,  in  the  oxygenizement  of  the  cork,  which  still  ad- 
heres to  it,  and  which  appears  to  be  only  partially  abstract- 
ed, as  is  evident  from  the  aromatic  odour  which  alkohol 
developes  in  it,  and  from  a  fact  incidentally  mentioned  by 
Lagrange,  that  it  is  only  by  presenting  it  to  carbonate  of 
potassa,  that  the  suberate  of  that  alkali  can  be  formed,  as 
if  pure  potassa  be  employed,  it  acts  upon  the  acid,  anil 
gives  it  a  deep  colour.  It  is  obvious,  that  we  cannot  de- 
termine how  far  the  peculiar  properties  It  exhibits  may  be 
owing  to  the  foreign  matter  thus  combined  with  it. 


The  Ligneous  Fibre  is  probably  the  basis  of  other  ve- 
getable productions,  as  of  the  fibres  of  flax,  cotton,  and 
other  vegetables  which  are  dressed  and  wove  into  cloth. 
They  agree  with  it,  not  only  in  their  natural  production 
and  their  texture,  but  in  chemical  qualities  •,  particularly 
in  inflammability,  insolubility  in  water  or  alkoliol,  and  in 
the  changes  they  suffer  from  the  alkalis,  the  mineral  acids, 
and  other  re-agents.  And  any  differences  they  do  present, 
are  probably  to  be  ascribed  to  their  state  of  aggregation, 
or  to  slight  modifications  of  composition.  If  this  view  be 
just,  the  basis  of  paper  must  consist  of  the  same  principle, 
and  it  exhibits  nearly  the  same  chemical  qualities. 
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SECT.  XXV. 

UV  COLOURING  3IATTF.R.    AUO.MA.    ACIUD  PKIN Cll'X-E.  BIX- 
'JKR  PRINC1I'X.E.     NAUCO'llC  PKINCIPLE,  &C. 

I  PLACE  these  principles  under  one  section,  and  at  the 
close  of  the  history  of  the  vegetable  substances,  as  their  ex- 
istence, though  maintained  by  some  modern  chemists,  ap- 
pears to  me  to  be  extremely  doubtful.   The  sensible  qua- 
lities ascribed  to  them,  and  from  which  their  names  and 
distinctive  characters  are  derived,  are  such  as  may  belong 
to  any  of  the  known  vegetable  principles,  and  are  indeed 
possessed  by  principles  of  the  most  opposite  kind;  and  it 
appears  a  very  unfounded  and  unphilosophicil  hypothesis 
to  assume,  that  there  are  distinct  principles  in  which  they 
reside.  Should  a  principle  different  from  others  previous- 
ly known  be  discovered,  which  possessed  bitterness,  or  any 
other  of  these  qualities,  and  should  even  this  principle  be 
detected  in  more  than  one  vegetable,  endowed  with  the 
same  property,  still  it  Ought  not  to  be  characterized  from 
it,  since  it  cannot  be  pretended  that  that  quality  is  in  all 
cases  attached  to  a  principle  of  this  kind,  and,  as  existing 
in  any  vegetable  product,  depends  on  the  presence  of  a 
portion  of  this  principle.    The  principle,  therefore,  were 
its  existence  established,  should  be  distinguished  from  che- 
mical qualities  belonging  to  it ;  and  the  sensible  quality, 
from  which  in  this  mode  of  classification  it  has  derived  its 
name,  ought  to  be  considered  as  ratljer  accidentally  than 
esscntlall]-  connected  with  It.    As  these  principles,  how- 
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n  er,  have  been  supposed  to  exist,  and  as  with  regard  to 
some  of  them  there  are  facts  which  to  a  certain  extent  fa- 
vour the  opinion,  it  may  be  necessary,  in  concluding  the 
history  of  the  vegetable  proximate  principles,  to  state 
briefly  the  observations  or  the  reasonings  which  have  been 
connected  with  this  subject. 


Colouring  matter.  It  has  been  supposed,  that  a  pe- 
culiar proximate  principle  exists  in  vegetables,  in  which 
tlicir  colour  frequently  resides,  and  which  has  hence  re- 
ceived the  name  of  Colouring  Matter.    In  this  opinion 
there  is  a  degree  of  obscurity  and  vagueness.    Colour  be- 
ing a  secondary  quality,  which  may  reside  in  any  princi- 
ple, and  which  often  is  exhibited  by  principles  of  the  most 
opposite  kind,  there  appears  no  reason  to  suppose,  that 
there  is  a  distinct  principle  to  which  it  exclusively  belongs. 
And  under  this  point  of  view,  this  conclusion  is  undoubt- 
edly just.    At  the  same  time,  we  find,  that  many  vegeta- 
ble products,  possessed  of  deep  or  of  vivid  colours,  agree 
in  certain  chemical  relations  :  the  colouring  matter  can  be 
abstracted  from  them  by  the  application  of  certain  solvents^ 
can  be  still  farther  transferred  from  these  solvents  to  other 
substances  exerting  ailinities  towards  it  5  and  this,  without 
it  being  always  possible  to  refer  the  phenomena  to  actions 
exerted  td  any  known  proximate  principle.     In  general, 
this  colouring  matter  appears  most  nearly  allied  to  the  ex- 
tractive principle  ;  yet  it  sometimes  possesses  piopertic? 
which  cannot  be  referred  to  this.     Farther  investigation;- 
must  determine  with  inore  precision  its  varieties,  and  th?i{ 
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relations  to  the  other  vegetable  principles.  In  the  obscu- 
rity which  at  present  prevails  with  regard  to  it,  it  seems 
preferable  so  far  to  generalize  the  facts  on  this  subject  a? 
to  state  them  in  connection,  without  assuming  that  the 
principle  to  wlilch  they  relate  is  uniform  and  distinct  from 
every  otlier.  These  facts,  too,  are  of  importance  from 
their  connection  with  the  arts  of  dyeing  and  pigment-mak- 
ing, of  which,  as  being  strictly  chemical,  it  is  necessary  to 
take  notice. 

The  colouring  matter  of  vegetables  is  scarcely  ever  found 
insulated,  but  is  mixed  or  combined  with  other  principles. 
In  tills  state  it  exists  in  the  leaves,  and  flowers,  in  the  bark, 
and  in  the  wood  of  the  stem  and  roots.  It  is  extracted, 
and  obtained  more  pure  by  the  action  of  those  agents 
which  are  capable  of  dissolving  it. 

In  many  cases,  water,  cold  or  warm,  is  sulTicient  for 
this  purpose.  If  logwood,  brazil  wood,  madder,  weld,  or 
quercitron  bark,  be  macerated  in  water,  the  matter  on 
which  the  colour  depends  is  dissolved  ;  a  transparent  solu- 
tion, more  or  less  deeply  coloured,  is  obtained  ;  and,  by 
repeating  the  maceration  with  water  sufTiciently,  nothing 
at  length  remains  but  the  mere  ligneous  fibre. 

Sometii'nes,  however,  the  colouring  matter  is  not  solu- 
ble in  water.  It  is  frequently  soluble  in  alkohol  j  and  in 
a  few  substances,  as  in  the  alkanet  root,  is  best  dissolved 
by  oils  essential  or  expressed.  Frequently,  too,  the  ex- 
traction of  the  colour  is  facilitated  by  the  action  of  other 
substances,  as  by  the  alkalis  or  acids  ;  and  some  even  can 
be  dissolved  only  by  the  aid  of  these.  These  differences 
suflicienlly  prove,  that  this  matter  is  not  uniform,  but  that 
colour  is  attached  to  principles  of  a  different  nature. 
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When  the  colouring  matter  is  in  solution,  it  may  be  at- 
tracted from  the  solvent  by  other  substances  with  which 
it  enters  into  combination  :  and  this  in  some  measure 
gives  it  a  more  appropriate  character.    There  are  some 
substances  even  which  appear  in  general  to  exert  strong 
aflinities  to  colouring  matter,  particularly  argil,  and  some 
of  the  m.etallic  oxides.    If  argil  be  diffused  or  boiled  in  a 
coloured  vegetable  infusion,  it  often  happens  that  the  co- 
louring matter  combines  with  it,  and  leaves  the  water  of 
the  infusion  perfectly  colourless.    Or  if  alum  be  dissol- 
ved in  a  coloured  infusion,  and  it  be  decomposed  by  the 
addition  of  an  alkali,  the  argil  in  the  moment  of  its  pre- 
cipitation attracts  the  colouring  matter,  forms  a  coloured 
precipitate,  and  if  the  due  proportions  have  been  obser- 
ved, the  liquid  remains  colourless.     In  like  manner,  if  a 
coloured  infusion  be  boiled  with  a  metallic  oxide,  it  often 
happens  that  the  colouring  matter  is  attracted  by  the  ox- 
ide. Thus,  Berthollet  obtained  combinations,  by  this  pro- 
cess, of  the  colouring  matter  of  logwood,  and  other  dye- 
stuffs,  with  oxide  of  copper,  and  oxide  of  tin  *.    Or  if 
certain  metallic  salts  be  dissolved  in  the  infusion,  and  be 
decomposed  by  an  alkali,  the  oxide  in  precipitating  attracti 
the  colouring  matter.     It  is  from  similar  affinities  to  the 
colouring  matter  that  it  is  often  attracted  by  linen,  cotton, 
silk,  or  v/ool,  from  its  solutions ;  and  even  where  the  af- 
finities of  these  are  not  sufficiently  powerful,  they  may  be 
rendered  capable  of  attracting  it,  or  the  combination  may 
be  rendered  more  permanent  by  their  being  impregnated 
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with  another  substance,  which  has  towards  it  a  still  strong- 
er attraction. 

The  shade  of  colour  of  any  substance,  and  even  fre- 
quently the  tint  of  colour,  are  altered  by  chemical  agents. 
The  alkalis,  acids,  and  various  neutral  and  metallic  salts, 
exert  operations  of  this  kind.  By  some  even  the  colour 
is  much  weakened  or  altogether  discharged.  Light,  it  is 
well  known,  proves  always  injurious  to  the  permanence 
and  brightness  of  vegetable  colours  ;  so  does  exposure  to 
the  air  ;  and  the  power  of  the  oxymuriatic  acid  in  destroy- 
ing them  is  still  more  energetic. 

On  the  principles  now  stated,  rests  in  a  great  measure 
the  art  of  dyeing,  the  processes  of  which  are  merely  ar- 
rangements founded  on  the  affinities  of  colouring  matter, 
in  consequence  of  which  colours  are  extracted,  modified, 
transferred  to  the  cloth,  and  rendered  more  permanent. 

This  view  of  the  processes  of  dyeing,  which  reduces 
them  to  exertions  of  affinity  between  the  colouring  mat- 
ter and  the  substance  dyed,  was  only  gradually  establish- 
ed. The  theory  that  was  adopted  by  the  older  chemists 
was  rather  mechanical.  It  was  imagined,  that  the  co- 
louring matter  was  lodged  in  the  pores  of  the  cloth ;  and, 
according  as  the  pores  were  more  or  less  numerous,  of  a 
greater  ot  less  fineness,  or  subject  to  other  modifications, 
the  cloth,  or  the  thread  composing  it  would  be  more  or 
less  easily  dyed  ;  and  the  action  of  substances  facilitating 
the  dyeing  was  supposed  to  depend  on  the  changes  they 
produced  on  this  mechanical  structure.  This  was  the 
theory  of  Hellot.  It  was  sufficiently  obvious,  however, 
that  from  any  operation  of  this  kind,  the  colouring  mat- 
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ter  could  not  be  permanently  fixed  in  the  cloth,  so  as  to 
withstand  the  action  of  its  usual  solvents ;  and  the  de- 
tails of  the  art  received  only  vague  explanations  from  this 
hypothesis. 

Dufay  appears  to  have  first  formed  a  proper  concep- 
tion of  these  operations.  He  justly  observed,  that  un- 
less some  species  of  attraction  be  supposed  between  the 
colouring  matter  and  the  substance  receiving  it,  cloth  im- 
mersed in  a  dyeing  liquor  could  never  receive  a  deeper 
colour  than  that  of  the  liquor  itself ;  whereas  the  liquor 
has  alv/ays  the  deepness  of  its  colour  diminished,  and,  if 
certain  proportions  are  observed,  it  becomes  limpid,  and 
the  colouring  particles  are  entirely  transferred  from  it  to 
the  cloth,  "  which  seems  to  indicate,"  says  he,  as  Ber- 
thollet  has  quoted  his  opinion,  "  that  the  ingredients  have 
less  attraction  for  the  water,  than  for  the  particles  of  the 
wool." 

Bergman  gave  this  view,  however,  with  more  precisiori, 
referred  the  phenomena  of  dyeing  entirely  to  chemical 
principles,  and  established  this  by  experiment.  He  had 
immersed  pieces  of  wool  and  of  silk  in  a  solution  of  indigo 
in  sulphuric  acid  largely  diluted  with  water.  He  observed, 
that  the  wool  was  very  speedily  dyed,  and  that  if  the  pro- 
per proportions  were  observed,  the  solution  in  which  it 
was  immersed  was  nearly  or  entirely  deprived  of  colour. 
The  silk  was  dyed  rnore  weakly  ;  it  only  lessened  the  co- 
lour of  the  solution,  but  did  not  abstract  it  entirely.  These 
phenomena  he  ascribed  to  the  different  forces  of  attraction 
exerted  by  these  substances  towards  the  colouring  matter. 
In  consequence  of  such  an  attraction,  the  sulphuric  acid 
had  dissolved  the  indigo  j  the  silk  exerted,  however,  to  the 
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particles  of  the  indigo  a  still  stronger  attraction  than  t4ie 
diluted  acid  did  in  which  they  were  dissolved  :  it  therefore 
abstracted  them  from  the  fluid.  And  the  wool  did  this 
still  more  rapidly  and  completely,  as  having  to  these  par- 
ticles a  still  stronger  attraction  *. 

The  difference  in  the  forces  of  affinity  of  the  different 
materials  of  clothing  for  the  various  kinds  of  colouring 
matter  employed  in  dyeing  are  so  considerable,  that  they 
vary,  not  only  in  the  facility  with  which  they  are  dyed, 
and  the  deepness  of  colour  they  assume  from  the  same 
dyeing  liquor,  but  frequently  one  will  receive  no  colour, 
from  a  composition  which  will  give  another  a  deep  tinge 
Cotton,  for  example,  receives  scarcely  any  colour  in  a  bath 
in  which  wool  is  dyed  scarlet.  Wool  is  that  which  ap- 
pears to  have  the  strongest  attraction  to  colouring  matter  ; 
next  to  it  is  silk,  then  linen,  while  cotton  has  the  weakest, 
and  is  therefore  io  almost  every  case  dyed  perfectly  with 
most  difficulty.  Animal  matter  appears  therefore  to  have 
a  stronger  attraction  to  the  colouring  particles  than  vege- 
table substances  have  and  this  shews  some  analogy  be- 
tween colouring  matter  and  tannin. 

But  even  when  the  substance  to  be  dyed  has  little  or  no 
attraction  to  the  matter  on  which  the  colour  depends,  so 
as  either  not  to  be  capable  of  abstracting  it  from  its  sol- 
vent, or  of  retaining  it  with  such  force  as  to  form  a  per- 
manent dye,  methods  have  been  discovered  of  compensat- 
ing for  this,  and  of  communicating  to  it  the  colour,  and 
rendering  it  permanent.  This  is  done  by  impregnating  it 
with  r-ome  substance  w'lich  shall  serve  as  a  bond  of  uniovi 
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between  them.  Such  substances  are,  in  the  language  of 
the  art,  denominated  Mordants.  Their  use  is.  essential  in 
almost  all  the  processes  of  dyeing,  and  the  discovery  of 
tliem  has  been  altogether  empirical,  or  without  any  know- 
ledge of  the  prir.ciples  on  which  they  operate.  Macquer 
seems  first  to  have  given  clearly  the  theory  of  their  ac- 
tions :  where  they  have  been  used,  he  observes,  "  it  is  not 
the  stuty  immediately  which  takes  the  colour,  but  the 
earthy  or  metallic  part  of  the  mordants  ;  so  that  when 
5;u£Fs  are  well  dyed  by  these  processes,  it  is  owing  to  those 
coloured  precipitates  being  capable  of  adhering  to  them 
more  or  less  forcibly."  Mordants,  therefore,  are  substan- 
ces which  on  the  one  hand  have  an  attraction  to  the  mat- 
ter to  be  dyed,  and,  on  the  other,  to  the  colouring  matter, 
and  wliich  thus  serve  to  unite  them.  Without  their  use, 
either  the  colouring  matter  would  not  be  at  all  attracted, 
or  attracted  so  weakly  that  in  washing  the  cloth  it  would 
be  again  removed. 

The  mordants  are  numerous.  The  principal  are  alum, 
acetate  of  argil,  muriate  of  tin,  sulphates  of  copper  and 
zinc,  acetate  of  copper,  oxide  of  arsenic,  tannin,  and  cer- 
tain animal  substances.  Of  those  of  the  saline  kind,  it  is 
not  so  much  the  entire  salt,  as  its  earthy  or  metallic  base 
that  serves  to  fix  the  colouring  matter  j  and  in  the  course 
of  the  process  it  is  accordingly  often,  perhaps  always,  dis- 
united from  its  acid.  Hence  the  extensive  application  of 
alum  and  of  the  solutions  of  tin  as  mordants,  from  the 
powerful  affinities  of  ar^il  and  oxide  of  tin  to  colouring 
matter. 

Sometimes  mordants  are  employed  rather  to  heighten 
the  colour,  or  give  it  more  brilliancy,  or  communicate  a 
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particular  shade.  In  this  case  the  operation  is  obviously 
different,  and  these  ought  to  be  distinguished  by  a  differ- 
ent appellation.  Besides  the  substances  already  enumer- 
ated, the  sulphuric  and  nitric  acids,  and  even  the  oxymu- 
riatic  acid,  in  small  quantity,  are  employed  with  this  view. 

Mordants  are  susceptible  of  a  great  variety  of  applica- 
tions, with  regard  to  the  various  dyes,  and  the  different 
cloths ;  and  the  proper  management  of  them  constitutes  a 
great  part  of  the  art  of  dyeing.    They  are  used,  either  by 
previously  impregnating  the  cloth  with  them,  or  by  mix- 
ing them  with  the  dyeing  materials,  or  sometimes  both 
methods  are  conjoined.    There  are  also  numerous  varie- 
ties in  the  composition  of  the  dyeing  materials,  a  number" 
of  substances  being  often  mixed,  in  order  to  procure  a  par- 
ticular colour  or  shade.    This  evidently  admits  of  no  a- 
bridged  account ;  and  I  must  refer,  therefore,  for  any  de- 
tails with  regard  to  it,  to  the  scientific  treatise  of  Berthol- 
let,  on  the  Art  of  Dyeing. 

The  art  of  cloth-printing  or  calico-printing,  in  other 
words,  of  dyeing  in  certain  colours  particular  spots  of  the 
cloth,  or  figures  impressed  on  it,  while  the  ground  shall 
be  of  a  different  colour  or  entirely  white,  affords  perhaps 
the  most  direct  and  obvious  illustration  of  the  application 
of  these  principles.  A  mordant  is  applied  to  the  part  oa 
which  the  figures  are  to  be  impressed  it  thus  receives  a 
permanent  dye,  while  the  colour  of  the  rest  of  the  cloth  is 
easily  discharged,  thus  leaving  a  coloured  design  on  a  white 
ground. 

The  mordant  principally  used  in  this  process,  is  the  ace- 
tate of  argil.    It  is  prepared  by  dissolving  3  lbs.  of  alum 
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and  1  lb.  of  acetate  of  lead,  in  8  lbs.  of  warm  water.  An 
exchange  of  the  principles  of  these  salts  takes  place  :  the 
sulphuric  acid  of  tlie  alum  combines  with  the  oxide  of  lead, 
and  the  compound  being  insoluble,  Is  precipitated  j  the  a- 
eetic  acid  remains  united  with  the  argil  of  the  alum  in  so- 
lution. There  are  added  2  ounces  of  the  potash  of  com- 
merce,  and  2  ounces  of  chalk  j  the  principal  use  of  which 
appears  to  be,  to  neutralize  the  excess  of  acid  that  might 
act  on  the  colouring  matter  and  alter  its  shade.  The  su- 
periority of  this  acetate  of  argil  as  a  mordant,  to  the  cheap- 
er sulphate  of  argil,  or  alum,  arises  from  two  circumstan- 
ces,— from  the  affinity  between  its  principles  being  weak- 
er, in  consequence  of  which  the  argil  more  easily  separates 
from  the  acid,  and  unites  with  the  cloth  and  the  colouring 
matter  •,  and  from  the  acetic  acid  disengaged  in  the  pro- 
cess, not  acting  with  the  same  force  on  the  colouring  mat- 
ter as  the  sulphuric  acid  would  do.  The  acetate  being 
also  very  soluble,  and  having  little  tendency  to  crystallize, 
can  be  more  equally  mixed  and  applied.  The  discovery 
of  this  mordant,  so  essential  in  the  art  of  calico-printing, 
was  altogether  accidental,  or  rather  empirical.  The  recipes 
of  the  calico-printers  were  originally  very  complicated:  dif- 
ferent articles  were  from  time  to  time  omitted  or  changed, 
until  at  length  the  mixture  of  alum  and  acetate  of  lead  was 
found  to  answer  as  a  mordant  equally  with  compositions 
more  complicated. 

The  mordant  thus  prepared,  is  thickened  with  gum  or 
starch  ;  or  in  this  country,  within  these  few  years,  with 
the  mucilage  prepared  from  lichens  ^iCalded  and  boiled  witli 
a  little  potash.  It  is  applied  by  wooden  blocks  or  stamps 
to  the  parts  of  ihe  clctJi  on  which  the  figures  cut  in  the 
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Stamp  are  designed  to  be  impressed,  or  by  a  pencil,  if  more 
delicate  lines  are  to  be  traced.  The  cloth  is  afterwards 
dried  thoroughly,  is  washed  in  warm  water  to  remove  the 
jnucilage  and  the  superfluous  mordant,  and  is  then  dipt  in 
the  dye  liquor,  suppose  it  to  be  an  infusion  of  madder;  the 
whole  is  dyed,  but  the  parts  which  have  been  impregnated 
with  the  mordant  receive  a  brighter  colour  than  the  part 
which  has  not :  the  colour  too  of  the  former  is  permanent, 
while  that  of  the  latter  is  fugitive.  It  is  discharged  by 
subsequent  boiling  with  substances  having  a  weak  attrac- 
tion to  the  colouring  matter,  principally  with  bran,  and  by 
exposure  on  the  field,  repeating  these  alternately.  The 
ground  of  the  cloth  is  at  length  rendered  white,  while  the 
colours  of  the  parts  on  which  the  mordant  has  been  im- 
pressed, representing  of  course  the  design  on  the  stamp, 
remain  with  little  or  no  alteration. 

With  this  mordant,  madder  gives  the  various  shades  of 
red-,  with  weld  or  quercitron  bark,  the  shades  of  yellow  -, 
and  with  logwood,  a  rich  but  fugitive  purple.  To  diver- 
sify the  colours,  another  mordant  is  likewise  employed, — 
the  acetate  of  iron,  applied  in  precisely  the  same  manner. 
With  madder  or  logwood  it  gives  black,  and  by  dilution, 
different  shades  of  purple  ;  with  weld,  olive,  and  with 
quercitron  bark,  brown.  Mixtures  of  these  are  also  made, 
which  give  other  colours.  Haussman  has  also  recom- 
mended as  a  mordant,  acetite  of  tin. 

Sometimes  after  the  whole  cloth  has  been  permanently 
dyed,  by  having  been  impregnated  with  the  mordant,  the 
colour  is  discharged  from  certain  parts,  by  stamping  these 
with  a  weak  acid  liquor  :  after  being  wai,hed,  these  are 
again  stamped,  cither  with  the  same  or  with  r.  different 
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mordant,  and  dyed  with  difFerent  materials ;  and  thus  the 
most  difficult  kind  of  cloth  printing  is  effected,  where  the 
ground  is  coloured,  and  at  the  same  time  impressed  with 
a  design  in  diflerent  colours.  By  combining  these  methods 
too,  and  by  dextrously  applying  to  different  parts  of  the 
cloth  different  mordants,  by  stamps  adapted  to  each  other, 
so  as  to  form  a  regular  design,  different  colours  are  im- 
pressed either  in  a  white  or  coloured  ground. 

The  formation  of  the  vegetable  pigments,  or  what  are 
named  Lakes,  depends  on  the  same  principles,  and  affords 
a  very  perfect  exemplification  of  the  affmities  of  colouring 
matter.  The  colour  of  any  vegetable  matter  is  extracted 
by  its  proper  solvent,  generally  by  water;  and  there  is  add- 
ed to  the  solution,  some  substance  capable  of  attracting 
and  combining  with  the  colouring  matter,  so  as  to  form  a 
precipitate.  Thus,  if  alum  be  dissolved  in  an  infusion  of 
brazil  wood,  and  an  alkaline  solution  be  added,  the  argil- 
laceous earth  is  precipitated,  and  carries  down  with  it  the 
colouring  matter,  forming  therefore  a  lake.  Similar 
lakes  are  formed  from  other  coloured  vegetables,  as  from 
quercitron,  turmeric,  &c.  And  the  most  beautiful  of  them, 
carmine,  is  prepared  by  a  similar  process  from  cochineal, 
a  colouring  substance  of  animal  origin.  It  is  not  always 
necessary  even,  that  the  colouring  matter  should  be  in  a 
state  of  solution.  It  is  sufficient  if  it  be  suspended  in  wa- 
ter. Sir  H.  Englefield  has  shewn,  that  if  the  colouring 
matter  of  madder  be  in  this  state  of  suspension  in  boiling 
-water  in  which  alum  is  dissolved,  on  adding  carbonate  of 
potassa  the  argil  is  precipitated,  and  attracts  the  colouring 
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matter,  forming  a  very  rich  lake  *.  Sometimes  metallic 
oxides  are  employed  as  tlae  basis  of  such  pigments,  parti- 
cularly oxide  of  tin  j  muriate  of  tin  being  added  to  the 
coloured  infusion,  and  being  decomposed  by  an  alkali  : 
and  Guyton  has  recommended  oxide  of  tungsten,  as  af- 
fording a  basis  for  lakes  superior  to  any  other,  in  the 
brightness  and  permanence  of  the  colour  f . 

The  vegetable  substances  used  In  dyeing  are  extremely 
numerous.  The  colouring  matter  of  the  greater  number 
of  them,  such  as  all  the  woods  and  barks,  logwood,  brazil 
wood,  weld,  quercitron,  &c.  appears  to  approach  in  its  cha. 
racters  to  extract,  and  admits  therefore  of  few  observations 
as  to  their  chemical  history  farther  than  what  have  been 
already  stated.  Logwood,  the  wood  of  the  Hjematoxylum 
Campechianum  is  of  a  bright  red  colour,  and  affords  to 
water  very  easily  its  colouring  matter  ;  its  infusion  having, 
with  the  red,  a  purple  tinge :  it  is  used  principally  for 
giving  purple  dyes,  its  colour  being  modified  by  the  dif- 
ferent mordants  ;  and  it  also  enters  into  the  composition 
of  the  black  dyes.  Brazil  wood,  the  wood  of  the  Cxsal- 
pina  crispa,  gives  to  water  a  bright  red  colour,  and  the  co- 
louring matter  is  easily  attracted  by  argil  and  the  metallic 
oxides,  the  latter  frequently  modifying  the  colour.  The 
alkalis  give  to  it  a  violet  tint,  and  the  acids  precipitate  it 
of  a  fawn  red  colour.  It  is  much  used  hcAh  in  dyeing  and 
in  the  formation  of  lakes.  Madder,  the  root  of  the  Rubia 
tinctorum,  is  another  red  dye,  the  colouring  matter  of 


*  Nicholson's  Journal,  vol,  x.  p.  215. 
t  Annalcs  de  Chimie,  torn.  xxx.  p.  185. 
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which  is  extracted,  though  rather  partially,  by  water,  and 
of  different  shades,  in  repeated  macerations,  so  that  at 
length  it  gives  onJy  a  fawn  colour  ;  and  even  after  these 
successive  infusions,  it  still  retains  much  of  the  colouring 
matter,  which  may  be  extracted  by  the  action  of  an  alkali. 
Alum  forms  in  its  infusions  a  brownish  red  precipitate  ; 
and  the  remaining  liquor,  when  an  alkaline  carbonate  i$ 
added  to  it,  gives  a  blood-red  precipitate,  which  by  an  ex- 
cess of  alkali  is  redissolved.   It  is  much  used  both  in  dye- 
ing and  calico-printing,  giving  numerous  shades  of  red, 
according  as  it  is  combined  with  different  mordants,  Quer- 
citron is  the  internal  bark  of  the  Ouercus  nigra :  it  yields 
its  colour,  which  is  yellow,  by  infusion  to  water,  and  with 
the  common  mordants  gives  a  permanent  dye.  It  is  now 
much  used  as  a  substitute  for  Weld,  the  stalks  of  the 
Reseda  luteola,  which  were  formerly  used  to  furnish  a 
yellow  dye,  being  combined  with  alum  and  tartar  as  mor- 
dants, and  which  also  was  sometimes  combined  with  mad- 
der, to  obtain  orange  and  other  shades.  Fustic,  the  wood 
of  the  Morus  tinctoria,  affords  another  yellow  dye  :  its  de- 
coction in  water  is  of  a  reddish  yellow  colour,  and  it  gives 
a  yellow  dye  to  cloth,  which,  even  without  the  aid  of  mor- 
dants, is  permanent ;  by  the  use,  however,  of  alum,  tar- 
tar, and  muriate  of  tin,  the  colour  is  rendered  brighter. 
Sumach,  the  shoots  of  the  Rhus  coriaria,  is  used  for  gi- 

I 

ving  a  fawn  colour,  which  it  docs  alone  when  merely 
boiled  in  water.  With  acetate  of  argil,  it  gives  a  yellow; 
and  as  it  contains  a  portion  of  tannin,  it  enters  sometimes 
into  the  composition  of  the  black  dyes,  and  is  likewise 
used  as  a  mordant,  to  modify  other  colours,  or  render 
them  permanent. 
Vol.  IV.  A  a 


3 70  () F  COLO U li I >■  C.  M A T T K R . 

All  these  substances  agree  nearly  In  their  chemical  qua- 
lities ;  and  their  colouring  matter,  which  exists  in  them 
attached  to  the  ligneous  fibre,  and  more  or  less  mixed  with 
other  principles,  appears  to  be  very  similar  in  its  nature 
to  extract.  But  besides  these,  there  are  some  other  sub- 
stances, the  colouring  matter  of  which  exhibits  very  dif- 
ferent properties,  and  can  scarcely  be  reduced  to  any 
known  principle. 

The  most  important  and  singular  of  these  is  Indigo,  the 
produce  of  different  species  of  the  genus  Indigofera,  which 
are  cultivated  for  its  production  in  America  and  the  West 
Indies.  It  is  in  some  measure  an  artificial  preparation. 
The  plant  being  cut,  when  ripe,  is  put  into  large  troughs 
or  vats,  with  a  quantity  of  water,  and  pressed  down.  It 
undergoes  a  species  of  fermentation,  and  a  quantity  of 
aerial  fluid  is  disengaged,  partly  inflammable,  and  said  to 
be  a  mixture  of  carburetted  hydrogen  and  carbonic  acid. 
The  water  becomes  turbid,  from  the  formation  or  extrac- 
tion of  the  colouring  matter ;  and  when  the  fermentative 
process  has  been  sufficiently  advanced,  it  is  drawn  off  into 
another  vat,  where  it  is  kept  constantly  agitated,  to  pro- 
mote the  separation  of  the  colouring  particles,  and  the 
disengagement,  as  is  supposed,  of  a  quantity  of  carbonic 
acid.  Towards  the  end  of  this  stage  of  the  operation,  a 
portion  of  lime  water  is  added,  which  still  farther  favours 
the  separation  of  the  colouring  matter.  It  begins,  there- 
fore, now  to  subside.  The  liquor  is  withdrawn  into  an- 
other vessel,  in  which  the  deposition  is  allowed  to  go  on  ; 
the  clear  liquor  above,  which  is  of  a  yellow  colour,  is 
drawn  off:  the  semi-fluid  sediment  at  the  bottom  is  re- 
ceived into  linen  bags,  through  which  the  remaining  fliiid 
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Strains  :  the  indigo  remains  in  the  state  of  a  paste,  which 
is  dried  by  exposure  to  the  air,  excluding  the  solar  rays. 
It  differs  considerably  in  its  qualities,  according  to  the  spe- 
cies of  the  plant,  its  state  with  reward  to  maturity,  and 
the  care  and  skill  with  w-hich  the  operation  has  been  con- 
ducted. The  rationale  of  the  process  by  which  it  is  prepared 
is  not  well  understood.  The  plant,  by  expression  or  infu- 
sion, affords  only  a  green  colouring  matter  previous  to  the 
fermentation  ;  and  we  have  no  precise  facts  from  which  it 
can  be  determined  how  this  fermentation  is  so  easily  excit- 
ed, what  are  the  changes  it  occasions,  and  how  these  arc' 
connected  with  the  production  of  the  colouring  matter. 

Indigo  is  of  a  very  rich  blue  colour,  varying  however 
in  its  shade  in  different  specimens.  It  is  light  and  friable, 
has  a  smooth  fracture,  is  tasteless,  and  has  scarcely  any 
perceptible  smell. 

From  Bergman's  experiments  it  would  appear  to  be  a 
heterogeneous  substance,  since  besides  its  pure  colouring 
matter  he  found  it  to  contain  gum,  resin,  and  earthy  mat- 
ter, and  oxide  of  iron.  The  proportions  in  100  parts  werey 
12  of  gum,  6  of  resin,  22  of  earthy  matter  soluble  in  ace- 
tous acid,  13  of  oxide  of  iron  soluble  in  muriatic  acid,  and 
4.7  of  pure  colouring  matter.  It  is  not  easy  to  determine 
how  far  any  of  these  is  essential  to  it,  or  at  least  uniform- 
ly present,  or  how  far  they  may  be  regarded  as  adventi- 
tious. Bergman  was  disposed  to  consider  the  iron  as  es- 
sential to  It,  and  as  contributing  to  the  colour;  but  as 
Berthollet  has  remarked,  the  method  he  used  to  discover 
it  led  him  to  exaggerate  its  quantity  :  and  the  greater  part 
of  what  he  did  abstract  by  the  action  of  muriatic  acid  wa? 
removed  without  affecting  the  pure  colouring  matter, 

A  n  2 


37*2  Ot  COl.OUJllNC  MATTEK, 

Indigo  yields  to  water  its  mucilaginous  part :  tlie  coiour- 
ing  matter  is  not  at  all  dissolved.  By  the  action  of  water, 
the  inferior  kinds  of  indigo,  according  to  Quatroniere, 
are  improved  in  their  quality,  probably  by  the  abstraction 
of  the  mucilaginous  and  extractive  matter.  The  colouring 
matter  of  indigo  is  equally  insoluble  in  alkohol,  or  in  e- 
ther,  a  small  portion  of  resin  only  being  dissolved. 

The  action  of  acids  on  indigo  is  more  energetic  and  im- 
portant. Concentrated  sulphuric  acid  dissolves  it  even  in 
the  cold :  the  solution  appears  black,  from  the  deepness 
of  its  colour,  and  even  when  largely  diluted  with  water 
retains  a  deep  blue  colour.  It  is  this  solution  diluted  with 
water  that  is  known  by  the  name  of  Liquid  Blue,  and  that 
forms  also  the  Saxon  blue  dye.  The  colour  is  changed 
to  a  green,  as  Bergman  found,  by  the  action  of  a  number 
of  substances  upon  it  •,  as  by  sulphurous  acid,  vinegar, 
ammonia,  alkaline  sulphurets,  sulphate  of  iron  ;  and  by 
some  of  these  the  colour  was  entirely  destroyed.  As  all 
these  might  operate  by  abstracting  oxygen,  and  as  some 
of  them  are  even  powerful  in  de-oxidizing  it,  it  appeared 
probable  that  it  is  to  this  operation  that  the  change  of  co- 
lour from  the  blue  to  the  green  ifs  owing  j  yet  there  are 
other  facts  not  easily  reconciled  with  this,  the  blue  being 
changed  to  a  green,  or  being  even  entirely  destroyed,  by 
other  substances  which  can  scarcely  be  supposed  to  exert 
any  such  agency,  as  by  soda  and  potassa,  and  black  oxide 
of  manganese. 

The  alkaline  carbonates  throw  down  from  tlie  solution 
of  indigo,  in  sulphuric  acid,  a  blue  powder,  which  Berg- 
man named  Precipitated  Indigo. 

Nitric  acid  acts  on  indigo,  not  merely  as  si  solvent,  but 
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decomposes  it.  The  action,  when  the  acid  is  concentrat- 
ed, is  even  so  violent  as  to  inflame  it ;  and  when  diluted, 
it  still  acts  on  it  forcibly,  and  with  effervescence ;  the  in- 
digo becomes  brown,  and  the  residuum  amounts  only  to 
the  third  of  the  original  weight,  Haussman,  inhisexpe- 
ments  on  indigo  *,  discovered,  that  by  the  action  of  dilu- 
ted nitric  acid  on  indigo,  a  substance  is  formed,  which  re^ 
mains  in  the  state  of  a  coaguluin,  which,  freed  complete- 
ly from  nitric  acid  by  washing,  formed  a  brown-coloured 
viscous  mass,  of  a  very  strong  bitter  taste,  requiring  a  large 
quantity  of  water  for  its  solution,  and  more  soluble  in  al- 
kohol.  This  is  the  substance  which  has  received  the  name 
of  Bitter  Principle,  and  which,  as  a  product  likewise  of  the 
action  of  nitric  acid  on  different  varieties  of  animal  mat- 
ter, is  afterwards  to  be  noticed.  A  little  oxalic  acid  is  air 
so  formed  ;  and^  from  Mr  Hatchet's  experiments  it  ap- 
pears, that  one  of  the  varieties  of  artificial  tannin  is  pro- 
duced, the  solution  in  water  of  the  residual  matter  beco- 
ming turbid  from  the  action  of  gelatin. 

Muriatic  acid  does  not  act  on  the  colouring  matter  of 
indigo,  but  dissolves  merely  the  oxide  of  iron,  and  the 
earthy  matter  it  contains.  It  dissolves,  however,  a  portion 
of  what  Bergman  calls  Precipitated  Indigo,  and  acquires 
a  deep  blue  colour.  A  number  of  the  other^acids,  as  the 
phosphoric,  acetic,  and  tartaric,  act  on  it  in  the  same  maur 
ner  as  the  muriatic.  Oxymuriatlc  acid  destroys  its  blue 
colour,  when  the  indigo  is  in  a  state  of  solution. 

The  fixed  alkalis,  dissolved  in  water,  dissolve  only  some 
of  the  substances  contained  in  indigo,  but  not  its  colour-- 
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ing  matter.  The  precipitate  from  the  solution  of  indiga 
in  sulphuric  acid,  obtained  hi  the  manner  already  describ- 
ed, is  dissolved  by  them  easily  even  in  the  cold  :  the  blue 
colour  at  the  same  time  gradually  changes  to  a  green,  and 
is  at  length  destroyed.  With  the  alkaline  carbonates  the 
same  solution  is  elFected,  but  the  colour  is  not  altered. 
The  action  of  am.monia  and  of  lime  on  indigo,  in  its  differ- 
ent states,  is  the  same  with  that  of  the  pure  fixed  alkalis. 

Indigo,  when  exposed  to  heat,  swells,  emits  vapours, 
and  burns  slowly,  emitting  a  white  flame.  The  residuum, 
which  amounts  to  33  parts  from  100,  consists  of  eartliy 
matter  and  oxide  of  iron.  From  the  preceding  analysis  it 
appears,  that  of  the  67  parts  consumed,  47  have  been  pure 
colouring  matter.  This,  subjected  to  destructive  distilla- 
tion, is  decomposed  :  the  products  from  these  47  parts, 
were  found  by  Bergman  to  consist  of  carbonic  acid  2  parts, 
alkaline  liquor  (composed  of  carbonate  of  ammonia  dissol- 
ved in  water)  S  parts,  empyreumatic  oil  9  parts,  and  23  of 
charcoal,  which,  burnt  in  the  open  air,  left  4'  parts,  about 
half  of  which  was  oxide  of  iron,  and  the  other  half  appear- 
ed to  be  siliceous  earth.  From  this  analysis  it  may  be  in- 
ferred, tliat  the  pure  colouring  matter  of  indigo  consists 
of  hydrogen,  oxygen,  nitrogen,  and  carbon,  the  proportion 
of  carbon  being  unusually  large,  and  such,  indeed,  as 
scarcely  appears  to  be  contained  in  any  other  vegetable 
principle.  Tliis  predominance  of  carbon  in  its  composi- 
tion appears,  too,  from  the  facility  with  which  it  yields  ar- 
tificial tannin,  when  acted  on  by  nitric  acid. 

The  chemical  properties  of  this  substance  arc  pcculi  ir, 
and  are  evidently  such  as  prevent  it  froni  being  considered 
.V,  a  variety  of  any  other  known  principle.    The  applica- 
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iioii  of  it  to  the  art  of  dyeing  presents  some  singular  phe- 
nomena ;  for  although  it  is  not  soluble  either  in  alkaline 
solutions  or  in  lime,  yet,  by  the  intervention  of  other  sub- 
stances, this  solution  is  effected,  so  as  to  form  a  dye  liquor. 

Bergman  examined  two  of  the  processes  of  the  dyers, 
by  which  indigo  is  dissolved.    One  consists  in  mixing  in- 
digo with  an  equal  weight  of  sulphate  of  iron,  and  twice 
its  weight  of  lime,  and  boiling  them  in  water  ;  the  indigo 
soon  dissolves.    In  the  other,  a  solution  of  pure  fixed  al- 
kali is  taken,  and  to  this  indigo  and  orpiment  or  sulphuret 
of  arsenic  are  added  :  the  indigo  is  soon  dissolved,  and  the 
bath  becomes  green.  Bergman  supposed,  that  the  sulphate 
of  iron  in  the  one  process,  the  sulphuret  of  arsenic  in  the 
other,  operated  by  communicating  phlogiston  to  the  indi- 
go, or,  to  adapt  the  explanation  to  the  change  of  chemi- 
cal theory,  by  abstracting  from  it  oxygen  ;  and  this  ap- 
pears to  be  confirmed  by  the  facts  which  he  ascertained, 
that  if  the  sulphate  of  iron  has  been  previously  boiled  some 
hours  in  water,  in  which  case  we  know  it  becomes  more 
oxidized,  it  does  not  promote  the  solution  of  the  indigo, 
and  that  oxide  of  arsenic  is  also  equally  unfit  for  this  pur- 
pose.   Haussman  has  in  some  measure  strengthened  this 
theory,  by  proving,  that  a  solution  of  sulphuret  of  arsenic 
mixed  with  indigo  absorbs  oxygen  i  and  in  this  case,  the 
indigo  is  reproduced  with  its  blue  colour,  and  precipitated. 
This  has  also  been  confirmed  by  Berthollet,  who  has  far- 
ther observed,  what  is  strictly  conforrnable  to  the  theory, 
that  when  cloth  is  dyed  in  the  indigo  liquors  prepared  by 
these  processes,  it  is  of  a  green  colour,  but  becomes  blue 
by  exposure  to  the  air    and  he  found,  that  a  piece  of 
cloth,  coming  out  of  the  vat  of  a  green  colour,  begaiTic 
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blue  by  dipping  it  quickly  in  oxymuriatic  acid.  He  con- 
cludes, from  these  facts,  that  indigo,  in  its  natural  state, 
contains  oxygen,  which  may  be  abstracted  from  it,  when 
it  becomes  green  ;  that,  in  this  state,  it  is  soluble  in  solu- 
tions of  the  alkalis,  and  of  lime  that  it  is  again  capable 
of  attracting  oxygen,  when  it  acquires  the  blue  colour,  and 
precipitates  j  and  that,  on  these  principles,  may  be  explain- 
ed the  usual  processes  by  which  this  substance  is  applied 
to  dyeing.  When  dissolved  by  sulphuric  acid,  it  is  evi- 
dently in  a  different  state,  not  being  deprived  of  oxygen, 
but  retaining  its  blue  colour,  which  therefore  the  cloth  at 
once  acquires  ;  yet,  even  in  this  solution,  the  indigo,  as 
Berthollet  remarks,  appears  to  have  suffered  a  slight  de- 
oxidizement,  and  to  this  he  ascribes  the  solubility  in  alka- 
lis of  the  precipitate  thrown  do.wn  from  this  solution. 

WoAD  is  a  substance  produced  by  a  process  similar  to 
jhat  followed  in  extracting  indigo,  and  bears  some  resem- 
blance to  it.  It  is  extracted  from  the  Isatis  tinctoria  and 
Isatis  Lusitanica.  The  plant  is  cut  down,  washed,  and 
dried  in  the  sun  :  it  is  ground  in  a  mill,  and  reduced  to  a 
paste.  Of  this  heaps  are  formed,  which  are  covered  so  as 
to  secure  them  from  rain.  This  paste,  after  having  re- 
mained a  fortnight,  is  turned,  and  its  different  parts  mix- 
ed :  it  is  then  made  into  round  balls,  ^vhich  are  deprived 
of  their  moisture  by  exposure  to  the  air  and  sun.  These 
balls,  heaped  on  one  another,  gradually  become  hot,  and 
exhale  an  ammoniacal  odour  ;  the  heat  is  increased  by  wa- 
tering the  heap  slightly  until  the  balls  are  reduced  to  a 
coarse  powder.  In  this  state  wcad  is  used  ;  it  give?  a  blue 
Colour,  which  is  permanent,  but  has  not  the  beauty  of  that 
from  indigo.    If  this  plant,  however,  be  subjected  to  the 
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same  process  as  that  followed  in  preparing  indigo,  it  af- 
fords a  blue  colouring  matter  precisely  the  same  *  ;  and 
tl\ere  can  be  little  doubt,  therefore,  that  the  colouring  mat- 
ter of  woad  is  indigo  more  or  less  perfectly  prepared. 

Annota  is  prepared  from  the  seeds  of  the  Bixa  orel- 
j.ma,  by  bruising  them,  and  keeping  them  in  water  until 
tliey  ferment.  A  colouring  matter  is  formed,  of  an  orange 
ci)k)ur,  which  is  dried,  and  forms  a  paste  more  or  less 
hard.  It  is  not  perfectly  soluble  in  water,  but  forms,  by 
infusion  or  decoction,  a  liquor  of  a  yellowish  red  colour, 
and  turbid  :  the  addition  of  an  alkali  renders  it  more  so- 
luble, and  gives  it  a  bright  orange  yellow  colour.  Acids 
form  with  this  liquor  an  orange-coloured  precipitate*,  and 
a  solution  of  alum  forms  an  orange  precipitate  still  deeper 
in  the  colour.  Annota  is  more  soluble  in  alkohol  than  in 
water  j  and  hence,  besides  its  use  in  dyeing,  it  sometimes 
enters  into  the  composition  of  coloured  varnishes.  In  dye- 
ing it  is  always  mixed  with  an  alkali. 

From  different  species  of  lichen,  is  prepared  the  colour- 
ing matter  known  under  the  names  of  Archil  and  Litmus, 
so  useful  to  chemists,  as  the  most  delicate  test  of  acidity. 
There  is  some  degree  of  obscurity  with  regard  to  these. 
Archil  is  said  to  be  obtained  from  the  Lichen  rocella,  and 
Lichen  parellus ;  but  it  appears  that  other  species  afford 
a  similar  substance.  The  plant  is  reduced  to  powder  ;  a 
quantity  of  the  potash  or  soda  of  commerce  is  added  to  it ; 
and  it  is  moistened  with  urine  and  kept  moist  by  successive 
additions,  for  some  time  :  it  ferments,  and  gradually  ac* 
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quires  a  blue  or  violet  colour ;  it  is  then  dried  *.  Litmus 
or  Turnsole  is  the  same  substance,  apparently  in  a  more 
pure  state  :  it  has  been  said  to  be  prepared  from  the  juice 
of  the  Heliotropium  tricoceum,  or  the  Croton  tinctorium, 
with  which  linen  rags  are  impregnated,  and  which  are  af- 
terwards reduced  into  a  kind  of  paste,  containing,  accord- 
ing to  I'ourcroy,  soda,  according  to  Chaptal  calcareous 
earth  and  potash.  The  latter  chemist  has  remarked,  that 
its  colouring  matter  is  of  the  same  nature  as  archil.  The 
;Polouring  matter  is  extracted  by  water ;  the  infusion  is  of 
a  crimson  colour,  inclining  to  violet ;  if  it  be  kept  se- 
cluded completely  from  the  air,  the  colour  entirely  disap- 
•pears  ;  but  it  is  very  quickly  renewed  when  the  air  is  ad- 
mitted. It  is  also  soluble  in  alkohol,  and  in  this  solution 
exhibits  the  same  phenomenon.  It  is  instantly  reddened 
by  the  weakest  acid  liquor ;  and  hence  the  watery  infu- 
sion of  it,  or  paper  stained  with  this,  aifords  a  very  deli- 
cate test.  Its  colour  is  not  much  altered  by  the  alkalis. 
In  dyeing  it  communicates  only  fugitive  colours,  and 
hence  is  used  only  in  modifying  or  heightening  others  that 
have  more  permanence. 


Aroma.  This  has  been  considered  as  the  principle  in 
which  the  odour  of  vegetables  resides.  The  essential  oils 
of  plants  generally  possess  their  flavour  ;  but  it  was  ob- 
served, that  many  vegetables  which  smell  strongly  yield 
little  or  no  essential  oil ;  and  the  oil,  when  it  is  obtained, 
has  not  that  strong  odour  we  should  expect,  did  the  odour 
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of  the  plant  entirely  depend  on  it.  This  is  the  case  with 
the  violet,  jessamine,  and  many  other  odoriferous  flowers. 
It  was  farther  observed,  that  if  such  vegetables  be  placed 
in  water,  and  exposed  to  a  gentle  heat,  not  sufficient  to 
volatilize  their  essential  oil,  they  are  deprived  of  their 
smell,  which  is  in  some  measure  transferred  to  the  water, 
when  the  operation  is  performed  in  close  vessels.  The' 
essential  oils,  too,  it  was  remarked,  always  lose  much  of 
their  odour  from  exposure  to  the  air,  though  little  of  the 
oil  itself  is  dissipated.  And,  lastly,  it  has  sometimes  hap- 
pened, that  the  atmosphere  around  odoriferous  plants  has 
not  only  had  their  odour  diffused  through  it,  but  received 
such  an  impregnation  of  some  inflammable  elastic  fluid,  as 
to  have  kindled  on  the  approach  of  an  ignited  body.  Fron% 
such  facts  it  was  inferred,  by  some  of  the  oldc^r  chemists, 
that  there  exists  in  vegetables  a  subtle  principle  in  which 
their  odour  resides  j  that  this  is  capable  of  being  combined 
with  their  other  principles,  and  in  particular  with  their  es- 
sential oils,  to  which  it  communicates  the  odour  of  the 
plant.  By  Boerhaave  this  principle  was  named  the  Spi- 
ritus  Rector  of  vegetables  and  in  framing  the  modern  no- 
menclature, it  received  the  denomination  of  Aroma. 

The  observations  of  Fourcroy  on  this  subject  *  are  per- 
fectly just.  The  faculty  of  exciting  the  sensation  of  odour, 
is  a  quality  which  may  belong  to  any  kind  of  matter,  and 
.which  docs  belong  to  many  substances,  as  ammonia,  sul- 
phur and  its  combinations,  the  metals,  and  many  chemical 
compounds,  in  which  we  cannot  suppose  the  existence  of 
any  common  subtle  principle  on  which  it  depends.  And 
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there  is  no  reason  to  suppose  but  what  it  may  exist  in  ve- 
getable products,  without  being  attached  to  such  a  princi- 
ple in  them.  If  its  existence  were  supposed,  numerous 
species  of  it  must  be  admitted  •,  for  the  odour  it  commu- 
nicates is  its  only  characteristic  property,  and  this  odour  is 
different  in  every  plant  ;  and  all  the  facts  from  which  the 
existence  of  it  has  been  inferred,  admit  of  explanation,  on 
the  supposition  that  the  odour  resides  in  the  essential  oil, 
which  is  sufficiently  volatile  to  be  dissipated  at  a  very  mo- 
derate temperature,  which  may  be  diffused  in  atmospheric 
air,  or  dissolved  by  it,  and  which,  suffering  chemical 
changes  from  long  exposure  to  the  atmosphere,  is  thus  de- 
prived of  much  of  its  smell.  At  the  same  time,  the  odour 
may  sometimes  reside  in  other  proximate  principles  ;  and 
indeed  the  greater  number  of  these  may  be  distinguished 
by  a  smell  in  general  faint,  but  sufBciently  perceptible. 


Acrid  principle.  The  existence  of  such  a  principle 
has  been  inferred  from  a  few  facts  with  regard  to  certain 
acrid  plants.  It  has  been  found,  that  several  vegetables 
which  are  nearly  inodorous,  are  in  their  recent  state  ex- 
tremely acrid  to  the  taste,  and  display  this  acrimony  in  the 
irritation  and  inflammation  v.'hich  they  occasion  when  ap- 
plied to  the  skin.  Such  are  the  roots  of  the  Scilla  mari- 
tima,  of  the  Colchicum  autumnale,  Bryonia  alba,  and  Arum 
maculatum,  and  the  leaves  of  the  Anemone  nemoiosa,  and 
of  the  Clematis  erectn.  Yet  they  lose  this  peculiar  acrimony 
on  being  dried,  while  their  other  active  powers  frequent- 
ly remain.  From  this  circumstance,  and  from  their  want 
of  odour,  it  is  concluded  that  the  acrimony  cannot  be  sup- 
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posed  to  depend  on  an  essential  oil.  From  some  of  these 
plants  too,  this  principle  is  communicated  to  water  or  al- 
kohol  by  distillation  from  them,  though  no  other  property 
but  the  acrimony  is  thus  conveyed.  There  appears  spme 
reason,  from  these  facts,  to  admit  the  conclusion  that  has 
been  drawn  from  them  *,  that  there  exists  a  peculiar  vo- 
latile principle  in  these  plants  different  from  an  essential 
oil,  in  which  their  acrimony  resides.  If  its  existence  shall 
be  considered  as  probable,  however,  it  has  never  been  ob- 
tained in  such  a  state  as  to  be  submitted  to  chemical  ex- 
amination, and  all  that  relates  to  it  is  therefore  uncertain 
and  obscure. 


Narcotic  principle.  The  existence  of  such  a  princi- 
ple has  been  inferred  from  facts  somewhat  similar  to  those 
on  which  that  of  an  acrid  principle  has  been  supposed  to 
be  established.  It  has  been  found,  that  many  narcotic 
plants  suffer  a  diminution  in  their  power  from  age,  and 
that  they  are  also  rendered  inert  by  decoction  in  water, 
though  when  the  operation  is  performed  so  as  to  condense 
the  water  volatilized,  it  is  not  found  to  be  impregnated 
with  any  essential  oil ;  nor  are  essential  oils  usually  pos- 
sessed of  such  active  powers.  In  some  cases,  the  distilled 
water,  as  for  example  that  from  the  leaves  of  the  cherry 
laurel,  (Prunus  lauro-cerasus,}  has  a  narcotic  power  in 
other  cases  it  has  none. 

These  facts  are  inconclusive.    The  injury  which  somf' 
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of  these  plants  sustain  from  decoction,  while,  at  the  same 
time,  their  powers  are  not  communicated  to  the  water  dis- 
tilled from  them,  is  probably  to  be  ascribed  not  to  the  dis- 
sipation of  a  subtle  volatile  principle,  but  rather  to  changes 
which  its  principles  suffer,  and  probably  principally  to  the 
oxygcnizement  of  its  extractive  matter.  And  vihere  the 
narcotic  power  is  communicated  to  water  by  distillation, 
some  singular  facts  lately  discovered  appear  to  prove,  that 
it  depends  on  the  presence  of  s  well-known  substance,  the 
Prussic  acid.  This  acid  has  been  discovered,  as  already 
remarked,  in  the  cherry  laurel,  the  bitter  almond,  and  o- 
ther  plants  possessed  of  a  narcotic  power.  It  has  also  been 
found,  that  the  prussic  acid,  in  its  pure  state,  is  narcotic  ; 
and  there  is  therefore  every  probability  in  the  conclusion, 
that  that  quality  in  tliese  vegetables  depends  on  its  presence. 
But  from  this  there  is  no  reason  farther  to  infer  that  it  is 
the  narcotic  principle  ;  for  there  is  no  reason  to  presume 
that  it  exists  in  other  narcotics,  and  it  is  itself  inferior  in 
narcotic  power  to  some  vegetable  products.' 

The  existence  of  a  narcotic  principle  akogetlier  differ- 
ent from  this  has  been  inferred  from  a  very  different  series 
of  facts.  Derosne,  in  analyzing  opium,  our  principal  nar- 
cotic, discovered  a  principle  apparently  different  from  any 
hitherto  observed.  It  was  obtained  by  digesting  water  on 
opium  :  the  water  dissolves  it,  along  with  some  other  prin- 
ciples, and  when  the  solution  is  evaporated,  a  precipitate 
falls  down,  which  consists  of  this  principle,  with  resin  and 
extract.  By  digesting  alkohol  on  the  precipitate,  the  resin 
and  this  peculiar  principle  are  dissolved  ;  and  as  the  so- 
lution cools,  the  latter  is  precipitated  in  crystalline  gr.iin.s. 
These  may  be  purified  by  repeated  solution  and  crystalll- 
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Nation  :  they  then  assume  the  prismatic  form  j  are  white, 
free  from  taste  or  smell,  very  sparingly  soluble  even  in  hot 
water,  and  .insoluble  in  cold  water,  more  soluble  in  alko- 
hol,  and  precipitated  from  this  solution  by  the  addition  of 
water  *.  It  proves  narcotic,  and,  according  to  Derosnc, 
is  more  powerfully  so  than  opium.  It  is  also  soluble  in 
ether,  and  in  all  the  acids,  as  well  as  in  the  alkalis ;  the 
solutions  of  it  in  the  acids  being  precipitated  by  the  alka- 
lis, and  those  in  the  alkalis  by  the  acids.  It  is  decompo- 
sed by  nitric  acid,  and  oxalic  acid  is  formed.  Exposed  to 
heat,  it  melts,  and  if  urged  with  a  strong  heat,  is  decom- 
posed, and  affords  the  usual  products  of  vegetable  matter, 
with  ammonia. 

These  experiments  present  results  so  singular,  and  ac- 
cording so  little  with  the  previous  numerous  researches  on 
the  analysis  of  opium,  that  they  undoubtedly  require  to  be 
confirmed  by  other  authorities;  and  even  in  their  present 
Slate,  they  are  far  from  warranting  the  conclusion,  that  this 
substance  can  be  regarded  as  the  narcotic  principle.  There 
is  no  proof  that  it  is  contained  in  any  other  narcotic  and 
we  have  even  proof,  that  the  narcotic  power  of  some  ve- 
getables depends  on  a  very  different  principle, — tlie  prus- 
sic  acid.  There  is  even  a  strong  objection  to  the  conclu- 
sion, that  it  is  the  principle  in  which  the  narcotic  power 
of  opium  resides ;  for  it  does  not  appear  to  be  possessed 
of  that  power  in  the  high  degree  which  we  should  expect 
were  that  conclusion  just.  One  grain  of  opium  produces 
all  the  effects  of  a  narcotic  i  yet  the  great  bulk  of  the 
opium  consists  of  other  principles,  particularly  of  resinous 


*  Annalf*  de  Chimie,  tom.  xlv. 
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and  extractive  matter.  How  small  a  quantity,  therefor(?, 
of  this  principle  must  be  contained  in  one  grain  of  crude 
opium  ;  and  of  course,  wl\at  high  activity  must  it  be  pos- 
sessed of  in  its  insulated  state  ?  Yet,  from  the  experiments, 
it  does  not  appear  to  have  been  much  more  active  than  o- 
pium  itself.  The  whole  subject  requires  farther  inveeti- 
gation  j  and  at  present  there  is  no  proof,  and  even  little 
probability  of  the  distinct  existence  of  a  narcotic  principle; 
the  power  of  acting  on  the  animal  system,  and  producing 
those  effects  from  which  the  definition  of  a  narcotic  is  de- 
rived, arising  probp.bly,  in  common  with  the  other  powers 
which  the  vegetable  products  have  of  producing  changes 
in  the  functions  of  life,  from  modifications  of  composition 
which  may  belong  to  various  principles,  and  which,  there 
is  perhaps  reason  to  believe,  are  too  subtle  to  be  ever  de* 
tected  by  chemical  analysis. 


Bitter  principle.  It  has  been  supposed  by  some- 
chemists,  that  a  principle  exists  in  some  of  the  vegetable 
bitters,  in  which  their  bitterness  resides.  The  properties, 
however,  that  have  been  assigned  to  it,  particularly  its 
equal  solubility  in  water  and  in  alkohol,  and  its  precipita- 
tion by  certain  re-agents,  appear  to  prove,  that  what  has 
been  considered  as  such  is  a  variety  of  extract,  slightly 
modified,  perhaps,  by  intermixture  with  other  principles. 
And  were  even  its  existence  established,  the  name  that 
has  been  given  to  it,  implying  that  it  is  the  principle  of 
bitterness,  can  wi:h  no  propriety  be  assigned  to  it,  since 
so  many  substances  possess  this  quality,  in  which  it  has 
not  been  proved,  and  can  scarcely  be  supposed  to  exist. 
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A  peculiar  substance,  which  13  artificially  formed  from 
certain  vegetable  and  animal  products,  and  has  been  nam- 
ed Bitter  Principle,  has  a  better  claim  to  be  considered  as 
a  distinct  substance.  There  is  no  reason,  however,  to  be- 
lieve that  it  is  ever  naturally  formed,  or  that  it  exists  as  a 
vegetable  principle  ;  and  as  a  product  of  chemical  action, 
particularly  of  the  action  of  nitric  acid  on  animal  matter, 
it  will  afterwards  be  considered. 


Principle  in  Asparagus.     The  notice     this  I  may 
place  under  this  section,  as  its  nature  is  not  well  deter- 
mined, and  it  has  not  yet  been  sufficiently  examined.  It 
was  discovered  by  Robiquet  and  Vauquelin  in  the  juice 
of  Asparagus.    When  the  expressed  recent  juice  is  con- 
centrated by  evaporation,  crystals  are  deposited  from  it, 
of  which  there  are  two  varieties  •,  some  are  white  and 
transparent,  have  a  taste  rather  nauseous,  are  hard  and 
brittle  j  the  others,  though  equally  white,  are  not  so  tran- 
sparent or  hard  ;  they  have  a  saccharine  taste,  and  their 
crystalline  form  is  different :  this  Vauquelin  regards  as  a 
variety  of  sugar  or  manna   the  other  he  considers  as  a  new 
substance,  and  the  following  are  the  properties  which  he 
has  observed  to  belong  to  it.  .   It  is  soluble  in  water,  and 
its  solution  gives  no  indication  of  acidity  or  alkalinity  i  re- 
agents do  not  discover  in  it  the  presence  of  any  alkaline . 
or  earthy  base ;  it  is  not  therefore  a  neutral  salt.  It  is  not 
soluble  in  alkohol ;  nor  does  it  suffer  any  change  from  in- 
fusion of  galls,  acetate  of  lead,  oxalate  of  ammonia,  mu- 
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riate  of  barytes,  or  hydro- sulphuret  of  potassa.  Nitric  acid 
decomposes  it ;  nitric  oxide  gas  is  disengaged,  and  the  li- 
quor assumes  a  yellow  colour  and  bitter  taste  ,and  yields 
ammonia:  it  is  decomposed  by  heat,  exhales  during  this  de- 
composition pungent  vapours,  which  irritate  the  eyes  and 
nostrils,  and  the  smell  exhaled  is  analogous  to  that  from 
animal  substances :  it  leaves  a  charcoal  which  is  tasteless, 
and  which  on  incineration  gives  a  very  imperceptible  trace 
of  earth.  From  the  results  of  these  decompositions,  it  ap- 
pears to  be  a  compound  of  carbon,  hydrogen,  oxygen  and 
nitrogen,  and,  from  yielding  ammonia,  and  affording  bitter 
matter  when  acted  on  by  nitric  acid,  to  be  similar  in  com- 
position  to  animal  substances  *. 


*  Philosophical  Magazine,  vol.  xxvi.  p.  289. 


CHAP.  III. 


OF  THE  SPONTANEOUS  CHEMICAL  CHANGES  AND 
DECOMPOSITION  OF  VE/GETABLE  SUBSTANCES. 

The  changes  of  composition  to  which  the  vegetable 
']jrinciples  are  liable  from  the  chemical  actions  of  other 
substances,  are  in  a  great  measure  peculiar  with  regard  to 
each,  as  are  also  the  changes  they  su^er  from  the  applica- 
tion of  heat,  and  have  therefore  been  noticed  under  their 
individual  history.  But,  besides  these,  they  are  liable  to 
spontaneous  changes  of  composition,  at  natural  tempera- 
tures, arising  chiefly  from  the  re-action  of  their  constituent 
elements.  These,  as  being  more  general,  are  to  be  the 
subjects  of  consideration  under  the  present  chapter. 

The  term  Fermentation  has  been  employed  by  chemists 
to  denote  an  extensive  series  of  changes  of  this  kind,  in 
which  there  is  an  intestine  motion  of  the  parts  of  the  body, 
and  which  gives  rise  to  new  products ;  and  as  this  general 
process  varies  in  its  phenomena  and  results,  according  to 
the  circumstance  under  which  it  happens,  or  the  nature 
of  the  vegetable  matter  subjected  to  it,  three  species  of  it 
have  been  distinguished, — the  Vinous,  the  product  of 
which  is  vinous  spirit  j  the  Acetous,  which  produces  ace- 
tous acid  or  vinegar  :  and  the  Putrefactive,  in  which  the 
elements  pass  off  in  new  combinations  in  the  aerial  form. 
These  may  be  considered  under  different  sections. 
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SECT.  I. 

01  tut:  vixovs  fkume?:tatiok. 

BoERiiAAVE  appears  first  to  have  distinguished  fer- 
mentation into  the  three  species  of  vinous,  acetous,  and  pu- 
trefactive, each  being  distinguished  by  its  products  as  well 
as  by  the  phenomena  it  presents.  He  supposed  that  these 
three  succeed  each  other  in  an  invariable  order,  that  the 
vinous  always  precedes  the  acetous,  and  that  this  equally 
precedes  the  putrefactive. 

Some  facts  are  ir%  favour  of  this  hypothesis,  or  there  are 
substances  which  undergo  these  successive  changes.  Many 
weak  vinous  liquors,  by  a  continuance  of  the  fermentative 
process,  become  sour,  or  form  vinegar  ;  and  vinegar  also 
undergoes  decomposition,  forms  a  mould,  or  passes  into  a 
species  of  putrefaction.  But  it  is  not  to  be  concluded, 
that  these  kinds  of  fermentation  invariably  succeed  each 
other :  Many  vegetable  substances  become  sour,  which  we 
do  not  discover  ever  to  assume  any  vinous  state  ;  and  a 
still  greater  number  undergo  that  decomposition  analogous 
to  putrefaction,  without  having  passed  through  the  other 
two  stages  of  fermentation  :  when  they  do  succeed  one 
another,  however,  the  vinous  is  that  which  precedes  the 
others  ;  and  it  never  succeeds  them. 

The  phenomena  which  occur  during  the  vinous  fermen- 
tation, have  been  examined  with  suiEcient  accuracy.  The 
liquor,  in  passing  into  it,  becomes  turbid  ;  a  kind  of  intes- 
tine agitation,  in  which  its  parts  are  moved  with  regard  to 
each  other,  takes  place  ;  a  quantity  of  aerial  fluid  begins 


OF  VINOUS  FERMENTATION.  3S9 

to  be  disengaged,  which  is  partly  entangled  by  the  liquid, 
and  with  its  impurities  forms  a  scum  on  its  surface  ;  the 
quantity  of  this  gas  disengaged  continues  to  increase  i  the 
volume  is  augmented  and  the  temperature  is  raised  a 
number  of  degrees.  The  gas  thus  formed  is  carbonic  acid, 
and  its  disengagement  continues,  until  the  end  of  the  pro- 
cess, more  or  less  rapidly,  according. to  the  nature  of  the 
fermenting  liquor,  and  according  as  it  is  more  or  less  fa- 
voured by  circumstances.  It  appears  in  its  evolution  to  be 
impregnated  with  part  of  the  principles  of  the  fermenting 
liquor,  aod  to  retain  a  portion  of  these  when  it  escapes  in 
the  aerial  form,  Chaptal  observed,  that  water  which  had 
imbibed  it  by  being  placed  in  a  vessel  in  the  atmosphere 
above  a  fermenting  liquor,  on  being  kept  for  a  month  in 
open  vessels,  is  converted  into  vinegar,  a  flocculent  mat- 
ter being  deposited ;  proving,  as  he  remarked,  tliat  the  car- 
bonic acid  gas  had  carried  with  it  a  little  alkohol  and  ex- 
tractive matter  *. 

According  to  the  experiments  of  Fourcroy  and  Vauque^ 
lin,  related  in  their  Memoir  on  Fermentation  f ,  the  car- 
bonic acid  gas  disengaged  in  fermentation  is  frequently 
mixed  with  hydrogen.  They  found,  that  the  gas  disen- 
gaged daring  tlve  fermentation  of  malted  barley  was  of 
this  nature  j  and  this  even  when  the  barley  had  been  freed 
from  the  bran,  which  they  had  at  first  suspected  might 
have  been  the  sourcs  of  the  hydrogen.  The  wort  of  the 
brewers,  in  fermenting,  afforded,  however,  only  carbonic 

*  Annales  de  Cliimie,  torn,  xxxvi.  p.  27. 
J  Annales  du  Museum  National,  torn.  vii.  p.  16  or  Trans- 
lation of  t':e  M-nioir,  Philosophical  Magazine,  vol.  xw. 
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acid ;  and  the  hydrogen,  therefore,  in  the  preceding  ex- 
periments, must  have  been  derived  from  the  fecula  of  the 
grain. 

After  a  certain  time,  a  few  days  if  the  quantity  of  liquor 
is  considerable,  the  disengagement  of  gas  and  the  intestine 
motion  to  which  this  gives  rise  begin  to  cease,  and  the  li- 
quor recovers  its  transparency.  If  now  examined,  it  is 
found  entirely  changed  in  its  qualities  ;  it  has  lost  its  bland 
or  sweet  taste,  has  become  pungent,  acquired  a  peculiar 
odour,  and  is  capable  of  acting  more  powerfully  on  the 
living  system,  being  exhilarating  and  intoxicating,  more  or 
less  according  to  its  strength. 

This  process  is  altogether  independent  of  any  action  of 
the  air.  It  can  be  carried  on  in  close  vessels,  and  if  ma- 
terials liable  to  fermentation  be  put  into  a  bottle  to  which 
a  bent  tube  is  adapted  which  terminates  under  an  invert- 
ed jar  filled  with  water,  carbonic  acid  gas  soon  begins  to 
be  disengaged,  and  may  be  collected.  If  they  be  kept, 
however,  in  this  situation,  the  fermentation  proceeds,  as 
Chaptal  has  remarked,  more  slowly  than  when  the  vessels 
are  imperfectly  closed,  being  retarded  probably  by  the 
pressure  of  the  gas  ;  and  hence  the  necessity,  in  conduct- 
ing fermentation  on  a  large  scale,  of  admitting  a  commu- 
nication with  the  atmosphere.  Too  free  an  exposure  is, 
on  the  other  hand,  prejudicial,  or  occasions  a  waste  of  al- 
kohol  and  aroma  *.  If  the  air  be  excluded,  while  the  gas 
formed  during  the  fermentation  is  allowed  to  escape,  Mr 
Collier  has  shewn  by  experiment,  that  the  liquor  ferment- 


*  Annales  de  Chimie,  torn,  xxxvi.  p.  11. 
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ed  under  this  arrangement  is  stronger,  or  contains  more 
alkohol,  than  when  fermented  in  open  vessels  *. 

Of  the  vegetable  proximate  principles,  saccharine  mat- 
ter is  that  which  passes  with  most  facility  and  certainty 
into  the  vinous  fermentation  ;  and  fermented  liquors  are 
more  or  less  strong,  as  the  juices  from  which  they  have 
been  formed  have  contained  a  greater  or  less  proportion 
of  sugar.  Certain  circumstances,  however,  are  necessary 
to  enable  it  to  commence  and  proceed.  These  are,  a  due 
degree  of  dilution  in  water,  a  certain  temperature,  and  the 
-  presence  of  substances  which  appear  necessary  to  favour 
the  subversion  of  the  balance  of  afiinities  by  which  the 
principles  of  the  saccharine  matter  would  otherwise  be  re- 
tained in  union,  or  at  least  would  be  prevented  from  en- 
tering into  those  combinations  necessary  to  form  vinous 
spirit.  These  substances,  from  this  operation,  are  named 
Ferments. 

Isty  A  certain  proportion  of  water  to  the  matter  sus- 
ceptible of  ferm.entation  is  requisite.  If  the  latter  id  in 
large  quantity  proportioned  to  the  water,  the  fermentation 
does  not  commence  easily,  nor  proceed  so  quickly  ;  on  the 
other  hand,  too  large  a  proportion  of  water  is  injurious,  as 
causing  the  fermented  liquor  to  pass  speedily  into  the 
acetous  .fermentation.  The  proportions  employed  by  La- 
voisier in  his  experiments  on  fermentation,  were  four 
paxts  of  water  to  one  of  saccharine  matter. 

A  certain  temperatui^e  is  not  less  essential  ;  it  re- 
quires to  be  at  least  50,  or  rather  55  of  Fahrenheit.  At 
ii  temperature  lower  than  this,  fermentation  scarcely  com- 


*  Manchester  Memoirs,  vol.  v.  p.  256, 
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mences,  or,  if  it  has  begun,  proceeds  slowly ;  and  if  the 
temperature  be  reduced  to  32°,  it  is  entirely  checked.  It 
proceeds  still  more  rapidly  when  the  temperature  is  much 
above  55°,  and  requires  to  be  checked  to  prevent  it  from 
passing  into  the  acetous  stage. 

Lastly,  though  sugar  is  the  matter  which  serves  as  the 
basis  of  fermentation,  and  from  which  its  products  are 
formed,  the  presence  of  other  substances  are  requisite  to 
the  process.  It  has  been  often  stated  indeed,  that  sugar 
alone,  dissolved  in  a  certain  quantity  of  water,  and  placed 
in  a  certain  temperature,  will  pass  into  a  state  of  fermen- 
tation. It  is  doubtful,  however,  if  this  happens  with  a 
solution  of  pure  sugar ;  and  any  change  which  is  observed, 
is  imperfect  and  irregular :  nor  does  the  liquor  become 
vinous,  but  rather  sour. 

The  substance  usually  added,  where  an  addition  is  re- 
quisite to  excite  fermentation,  is  Yeast, — the  scum  which 
is  collected  on  the  surface,  as  well  as  the  sediment  formed 
from  liquors  already  in  a  state  of  fermentation.  This  add- 
ed to  a  solution  of  pure  sugar,  causes  it  to  ferment,  and 
to  pass  into  a  vinous  liquor. 

What  is  the  nature  of  the  matter  contained  in  yeast, 
which  thus  excites  fermentation,  when  it  otherwise  would 
not  take  place  ?  This  question  has  often  been  the  subject 
of  investigation,  and  it  is  only  lately  that  some  light  has 
been  thrown  upon  it. 

Lavoisier,  on  his  experiments  on  fermentation,  remark- 
ed, thit  the  matter  of  yeast  is  a  compound  of  carbon,  hy- 
drogen, oxygen,  and  nitrogen  ;  and  is,  therefore,  so  far 
of  an  animal  nature.   From  the  more  recent  researches  of 
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Fabronl,  Thenard,  and  Seguin,  it  is  proved,  that  it  is  a  sub- 
stance analogous  to  gluten  or  albumen  which  exists  in 
yeast,  which  is  derived  from  those  vegetable  juices  or  in- 
fusions that  without  any  addition  are  capable  of  ferment- 
ing, and  which  excites  the  vinous  fermentation. 

Fabroni,  as  the  result  of  his  researches  on  fermentation, 
announced,  that  though  saccharine  matter  is  the  principle 
necessary  to  vinous  fermentation,  it  does  not  ferment  a- 
lone,  but  only  by  the  aid  of  another  substance  capable  of 
acting  upon  it :  this  substance  is  the  glutinous  or  vegeto- 
animal  matter,  which  exists  in  the  nutritive  grains,  and 
which,  as  he  stated,  is  also  contained  in  the  grape,  being 
deposited  from  its  juice.  When  the  deposition  is  com- 
plete, or  rather  when  the  glutinous  matter  is  perfectly  se- 
parated by  repeated  filtrations,  the  juice  does  not  ferment, 
but  the  sediment,  mixed  with  a  substance  susceptible  of 
fermentation,  causes  it  to  pass  into  this  state.  The  glu- 
tinous part  of  wheat  appears,  from  some  of  Fabroni's  ex- 
periments, to  be  capable  of  producing  either  on  the  must 
of  the  grape  deprived  of  its  sediment,  or  on  an  artificial 
mixture,  the  same  effect  as  the  sediment  of  the  must,  ex- 
cept that  the  fermentation  is  more  slowly  established,  and 
requires  a  higher  temperature  and  the  concurrence  of  tar- 
tar i  the  last,  as  Berthollet  has  remarked,  probably  proving 
useful  from  the  solubility  communicated  by  its  acid  to  the 
gluten.  He  accordingly  found,  that  a  mixture  of  sugar 
and  gluten  entered  into  fermentation,  by  adding  a  little 
tartar  to  it.  It  is  this  vcgeto-animal  matter,  according  to 
Fabroni,  which  principally  constitutes  the  yeast  of  wine  or 
beer  :  and  Rouelle  long  ago  found,  that  the  sediment  de- 
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posited  from  wines  in  fermentation  is  of  this  nature,  as  it 
aifords  much  ammonia  when  decomposed  *. 

Thenard  had  likewise  undertaken  the  investigation  of 
this  subject.  Since  the  juices  of  certain  fruits  ferment 
very  readily  without  the  necessity  of  any  yeast,  he  direct- 
ed his  attention  to  these,  to -discover  the  principle  they 
contained,  and  which  thus  promoted  the  fermentation  of 
their  saccharine  matter.  He  subjected  to  experiment  the 
juice  of  the  gooseberry,  which  is  very  susceptible  of  fer- 
mentation. Having  pressed  it  through  a  linen  cloth,  it 
remained  turbid,  and  held  in  suspension  a  slightly  gluti- 
nous matter,  which  was  separated  by  filtration  and  washed 
with  water.  This  substance,  added  to  a  solution  of  sugar, 
caused  it  to  pass  into  the  vinous  fermentation.  Yet  after 
having  produced  this  effect,  it  still  remained,  according  to 
Thenard,  insipid,  insoluble  in  water  and  in  alkohol,  and 
no  farther  altered,  except  that  on  being  subjected  to  de- 
'  structive  distillation,  it  afforded  no  trace  of  ammonia.  It 
appears  to  exist  in  large  quantity  in  the  juice  of  the  goose- 
berry, not  only'suspended,  but  in  solution  j  for  when  the 
juice  had  been  filtered  so  as  to  be  perfectly  clear,  on  placing 
it  at  the  proper  temperature  it  fermented,  and  during  the 
fermentation  lost  its  transparency,  and  threw  down  a  sedi- 
ment. This  when  examined  was  found  to  be  glutinous 
and  insipid:  thrown  on  red-hot  fuel  it  burnt  like  ani- 
mal matter:  distilled,  it  afforded  carbonate  of  ammonia: 
added  to  a  solution  of  sugar,  it  caused  it  to  ferment  rapidly. 
It  appeared  therefore  to  be  a  substance  perfectly  analogous 


*  Annales  de  Cliimie,  torn.  xxxi.  p.  299. 
Chemical  Statics,  vol.  ii.  p.  410. 
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to  the  yeast  of  beer.  The  same  substance  was  found  by 
this  chemist  to  be  deposited  from  the  juices  of  the  grape, 
the  cherry,  apple,  pear,  and  other  fruits,  during  their  fer- 
mentation, and  those  which  afforded  the  largest  quantity 
of  it  were  those  which  run  most  quickly  into  the  vinous 
fermentation.  It  is  always  deposited  too,  as  their  fermen- 
tation proceeds  ;  and  a  sediment  of  yeast  always  appears, 
according  to  Thenard,  when  alkohol  is  formed. 

To  this  substance  he  gave  the  name  of  ferment :  it  is 
tasteless,  does  not  change  the  vegetable  colours  :  by  dry- 
ing it  loses  three-fourths  of  its  weight,  from  the  dissipa- 
tion of  water;  thus,  dried,  it  is  still  capable  of' exciting 
fermentation,  and  may  be  preserved  in  this  state  for  an  in- 
definite time.  It  is  so  little  soluble  in  water,  that  the  wa- 
ter, after  standing  over  it  for  several  hours,  on  being  fil- 
tered and  added  to  sugar  exerts  no  action  upon  it.  It  is 
decomposed  by  diluted  nitric  acid,  is  converted  into  a  fatty 
matter,  nitrogen  and  carbonic  acid  gases  being  evolved, 
Potassa  acts  upon  it  as  it  does  on  animal  substances,  forms 
a  kind  of  soap,  and  causes  an  evolution  of  ammonia.  In 
its  humid  state  it  is  liable  to  putrefaction  perfectly  similar 
to  that  of  animal  matter,  and  it  afibrds  the  same  products 
when  decomposed  by  heat,  the  proportion  of  carbon  be- 
ing large.  From  8'  parts,  Thenard  obtained,  by  destruc- 
tive distillation,  1.61  of  water,  1.31  of  oil,  and  1A6  o£ 
muriate  of  ammonia  on  adding  muriatic  acid.  The  elastic 
fluid  disengaged,  amounting  to  0.33,  consisted  of  carbonic 
acid,  and  carburetted  hydrogen  or  carbonic  oxide,  and  the 
residuum  amounted  to  2.83  of  charcoal  *. 


*  Nicholson's  Journal,  vol.  vii.  p.  33. 
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It  is  evident  that  these  researches  still  leave  a  degree  of 
obscurity  with  regard  to  this  principle,  since  Thenard  has 
not  determined  whether  it  is  a  peculiar  one,  or  whether  it 
is  merely  vegetable  gluten,  as  Fabroni  had  suggested,  and 
as  several  of  its  properties  appear  to  indicate.  There  ap- 
pears every  reason  to  adopt  the  latter  opinion,  more  espe- 
cially as  the  analysis  by  Fourcroy  and  Vauquelin  of  the 
nutritive  grains  *  has  shown,  that  gluten  is  not  only  con- 
tained in  wheat,  but  likewise  in  barley,  a  grain  which  is 
very  susceptible  of  fermentation. 

Seguin  has  affirmed,  that  albumen,  whether  vegetable 
or  animal,  is  the  true  ferment.  As  the  characters,  how- 
ever, of  this  principle,  and  the  distinction  between  it  and 
gluten  have  been  always  somewhat  vague,  it  is  not  impro- 
bable, that  Seguin  understands  merely  the  latter  principle. 
He  had  discovered  it  in  large  quantity  in  those  vegeta- 
ble juices  which  pass  into  the  vinous  fermentation  with- 
out yeast :  he  affirms,  that  when  they  were  deprived  of  it," 
they  became  incapable  of  fermenting,  and  that  having  add- 
ed to  saccharine  matter  this  principle,  it  fermented,  and 
yeast  was  deposited.  The  respective  proportions  of  al- 
bumen and  sugar,  in  the  different  vegetable  juices,  deter- 
mine, according  to  Seguin,  the  vinous  or  acetous  nature 
of  the  product  of  fermentation,  the  product  being  more 
spirituous  the  greater  the  quantity  of  sugar.  He  adds,  that 
animal  albumen,  as  the  white  of  an  egg,  has  the  same  ef- 
fect. Boerhaave  long  ago  placed  this  substance  among  the 
ferments,  or  substances  which  excite  fermentation.  Ac- 
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cording  to  Fabroni,  however,  neither  the  albumen  of  the 
egg,  the  insoluble  part  of  the  animal  fibre,  nor  glue,  has 
the  property  of  exciting  fermentation. 

Whatever,  however,  be  the  nature  of  this  principle,  it 
must  exist  both  in  the  sweet  vegetable  juices,  and  in  the 
infusions  of  the  grains  that  have  been  subjected  to  malting, 
since  these  are  capable  of  passing  into  the  vinous  fermen- 
tation without  the  addition  of  yeast,  and  even  deposite  it 
as  the  process  proceeds. 

It  has  been  supposed,  that  no  substance  enters  into  the 
vinous  fermentation  except  sugar.  The  nutritive  grains, 
indeed,  can  be  made  to  alFord  fermented  liquors  ;  but  they 
are  always  subjected  to  the  previous  operation  of  malting, 
in  which  the  fecula  of  the  grain  is  by  the  process  of  ger- 
mination converted  into  sugar-,  and  this  was  held  indis- 
pensable to  render  them  susceptible  of  fermentation.  The 
practice,  however,  of  the  spirit  distillers  of  this  country, 
proves  that  this  is  a  mistake.  They  have  been  accustom- 
ed to  add  to  the  malted  grain  which  they  ferment  with  the 
view  of  obtaining  a  spirituous  liquor,  a  proportion  of  grain 
which  has  not  been  malted,  but  merely  77%ashedy  or  ground 
to  powder  and  infused  in  warm  water ;  and  the  propor- 
tion of  this  has  even  been  gradually  increased,  so  as  to 
exceed  that  of  the  malted  grain.  The  infusion  obtained 
from  this  mixture  of  raw  and  malted  grain  is,  by  the  addi- 
tion of  yeast,  made  to  ferment  easily,  and  affords  a  liquor 
pungent  and  spirituous. 

The  practicability  of  thus  fermenting  from  unmalted 
grain,  and  the  practice  itself,  though  scarcely  taken  notice 
of  by  chemists,  appears  to  have  been  known  in  this  coun- 
try for  a  considerable  time.  It  is  mentioned  by  Dr  Irvine, 
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in  an  essay  on  fermentation  read  before  a  literary  society 
in  Glasgow  in  1785.  He  observes,  that  not  only  is  saccha- 
rine matter  susceptible  of  fermentation,  but  the  farlnaccr 
ous  and  mucilaginous  parts  of  vegetables  also  have  a  share 
in  producing  this  effect.  In  their  pure  state,  they  can  nei- 
ther be  changed  into  wine  nor  vinegar  ;  but,  when  mixed 
with  a  little  sweet  matter,  they  all  ferment  together,  and 
may  either  change  wholly  into  wine,  or  wholly  into  vine- 
gar, according  to  the  proportion  of  sweet  matter  mixed 
with  them  :  if  the  quantity  of  sweet  matter  be  very  great, 
the  farinaceous  parts  are  entirely  changed  into  the  same 
wine  with  the  sweet  part :  if  the  quantity  of  saccharine 
matter  is  very  small,  the  whole  becomes  vinegar,  and  has 
little  appearance  of  ever  having  been  in  the  vinous  state. 
Thus,  a  quantity  of  meal  from  wheat,  barley,  or  oats, 
whose  greatest  part  is  farinaceous,  when  mixed  with  wa- 
ter, becomes  by  fermentation  a  little  acid,  but  seems  ne- 
ver to  acquire  any  of  the  properties  of  wine.    If  the  same 
meal  be  mixed  with  a  quantity  of  sugar,  or  any  other  sweet 
matter,  it  then  falls  into  the  vinous  state,  and  the  quanti- 
ty of  spirit  produced  is  much  greater  than  the  sweet  mat- 
ter alone  would  have  furnished.    He  then  remarks,  that 
the  farinaceous  substance  of  seeds  is  converted  into  sweet 
matter  by  germination,  and  that  many  have  supposed,  that 
the  powers  of  vegetation  only  can  produce  this  change. 
*'  Certainly,  however,"  continues  he,  "  the  powers  of  ve- 
getable life  are  no  way  concerned,  or  necessary  to  it.  It 
is  not  during  the  growth  only  of  the  seed  that  this  change 
can  be  effected  ;  but  a  quantity  of  the  sweet  matter  pro- 
duced by  the  growth  of  the  sscd,  mixed  with  a  quantity  of 
the  same  seed  ground  into  powder,  and  the  whole  mixed 
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with  a  proper  quantity  of  water,  will  all  become  sweet, 
and  fall  afterwards  into  the  vinous  fermentation,  and  be 
changed  into  spirits  in  the  same  manner  as  if  the  whole 
had  been  previously  altered  by  the  vegetation  of  the  seed. 
Were  it  not  for  this  property  of  the  farina,  great  loss 
would  frequently  be  sustained  by  the  farmers  in  unfavour- 
able seasons  ;  grain  that  has  once  begun  to  grow,  and 
whose  vegetation  has  been  stopped,  can  never  be  made  to 
grow  again.    Such  grain  never  can  u^idergo  any  farther 
malting  :  when  grain  has  been  made  to  grow  in  this  im- 
proper manner,  it  can  hardly  be  supposed  that  the  change 
into  saccharine  matter  is  perfect  or  complete.    It  there- 
fore would  be  less  proper  for  the  vinous  fermentation,  and 
would  furnish  a  smaller  quantity  of  spirit  than  grain  which 
had  been  perfectly  malted.    This  gfain,  however,  when 
mixed  with  a  quantity  of  perfect  malt,  and  fermented,  fur- 
nishes as  much  spirit  as  if  the  whole  had  been  in  the  state 
of  malt.    The  persons  in  this  trade  even  prefer  it  to  an 
equal  quantity  of  malt ;  for  in  good  seasons,  when  no  such 
half  malted  or  half  spoiled  grain  can  be  got,  they  take 
good  grain,  reduce  it  to  meal,  and  mix  it  with  their  malt, 
and  are  satisfied  that  they  obtain  more  spirits  in  this  way 
than  from  an  equal  quantity  of  good  malt  *." 

That  fecula  alone,  or  at  least  mixed  with  no  more  sac- 
charine matter  than  what  is  contained  in  the  grain,  may 
be  made  to  ferment,  is  established  by  the  experiments  of 
Fourcroy  and  Vauquelin.  Six  pounds  of  unmalted  brui- 
sed barley  being  treated  with  alkohol,  furnished  one  ounce 
two  drachms  of  pure  sugar    the  same  quantity  of  malted 
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barley,  treated  in  the  same  manner,  having  afforded  fouf 
ounces  five  drachms.    Twenty-four  pounds  of  the  flour 
of  the  unmahed  barley,  having  been  put  into  a  vat  with 
seven  times  its  weight  of  warm  water,  and  four  pounds  of 
yeast,  entered  into  strong  fermentation,  which  Continued 
seven  days.    The  liquor  at  the  end  of  that  time  submit- 
ted to  distillation  gave  a  weak  spirit,  which  by  rectifica- 
tion afforded  alkohol.    The  quantity  amounted  to  twen- 
ty-three ounces.  Now  Lavoisier  had  established,  that  100 
parts  of  sugar  give  58  of  alkohol  ;  and  as  the  24  lbs,  of 
unmalted  barley  contained  only  5  ounces  of  sugar,  it  fol- 
lows, that  four  times  more  alkohol  had  been  formed  than 
that  sugar  could  have  furnished  ;  a  large  quantity  of  it  had 
therefore  been  formed  from  the  fecula  in  the  grain. 

Twenty-four  pounds  of  malted  barley  bruised  having 
been  fermented,  under  the  same  circumstances  as  in  the 
preceding  experiment,  presented  the  same  phenomena,  the 
proportion  of  alkohol  being  three  times  greater  than  could 
have  been  formed  from  the  sugar  in  this  barley  *. 

As  fecula  consists  of  the  same  principle  as  sugar,  dif- 
fering only  in  the  proportions,  it  is  not  difficult  to  admit, 
that  it  may  be  brought  into  fermentation,  and  may  afford 
ultimately  the  same  products  as  saccharine  matter,  though 
it  is  also  possible,  perhaps,  that  even  in  the  process  now 
described,  the  fecula  may  proceed  rapidly  through  the  in- 
termediate state  of  sugar,  in  passing  into  the  vinous  fer- 
mentation j  and  it  would  appear  actually  to  do. so,  if  the 
observation  of  Dr  Irvine  be  correct,  that  when  the  flour 
of  unmalted  grain  is  mixed  with  a  quantity  that  has  been 
malted,  the  whole,  mixed  with  water,  becomes  sweet. 


*  Annales  du  Museum  National,  torn,  vii. 
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Our  knowledge  of  the  series  of  chemical  changes  which 
constitute  vinous  fermentation,  is  still  imperfect.  Some 
essential  facts  connected  with  it  were  established  by  La- 
voisier, and  a  theory  given,  which,  however,  more  recent 
investigations  have  proved  is  not  altogether  just. 

The  properties  of  the  fermented  liquor,  its  odour,  pun- 
gency, and  intoxicating  quality,  are  owing  to  the  presence 
of  a  substance,  which  can  be  separated  from  it  by  distil- 
lation, and  which,  in  a  pure  state,  possesses  these  qualities 
in  a  much  higher  degree.  It  constitutes,  in  the  state  of 
dilution  in  which  it  is  obtained  by  distillation,  vinous  spi- 
rit, or,  as  obtained  from  different  fermented  liquors,  from 
which  it  derives  peculiarities  of  taste  and  flavour,  the  spi- 
rituous liquors  of  commerce.  These,  by  certain  processes, 
afford  this  principle  pure,  and  the  same  from  all  of  them  ; 
in  this  pure  state,  it  is  the  spirit  of  wine  of  the  older  che- 
mists, the  Alkohol  of  the  modern  nomenclature. 

To  ascertain  with  more  accuracy  the  changes  which 
happen  during  fermentation,  Lavoisier,  instead  of  operat- 
ing on  any  of  the  sweet  vegetable  juices,  the  exact  analy- 
sis of  which  is  difficult,  dissolved  a  quantity  of  pure  sugar 
in  water,  and  made  the  solution  to  ferment,  by  the  addi- 
tion of  yeast.  He  had  previously  sought  to  determine  the 
composition  of  sugar,  and  found  it  to  be  a  compound  of 
carbon,  hydrogen,  and  oxygen  ;  he  found,  that  during 
fermentation,  no  portion  of  the  water  of  the  fermenting  li- 
quid is  decomposed  ;  nor  is  the  presence  of  the  air  neces- 
sary to  the  process.  Since  the  products  are  the  carbonic 
acid  gas  which  is  disengaged,  and  the  alkohol  which  is 
contained  in  the  fermented  liquor,  it  follows  from  these 
deductions,  that  these  must  be  derived  from  the  decom- 
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position  of  the  saccharine  matter  ;  that  in  fermentation, 
therefore,  part  of  the  oxygen  and  carbon  of  the  sugar  com- 
bine and  form  carbonic  acid ;  and  that  its  remaining  ele- 
ments, its  hydrogen,  with  the  remaining  oxygen  and  car- 
bon, from  the  alkohol.  This  is  accordingly  the  view  he 
gives  of  the  vinous  fermentation.  "  Its  effects  on  sugar 
are  reduced  to  the  mere  separation  of  its  elements  into 
two  portions;  one  part  is.  oxygenated  at  the  expence  of 
the  other,  so  as  to  form  carbonic  acid,  while  the  other  part 
being  disoxygenated  in  favour  of  the  former,  Is  converted 
into  the  combustible  substance  called  Alkohol  *." 

It  follows  from  Lavoisier's  experiments,  that  100  parts 
of  sugar  require  about  J.^  of  yeast,  deducting  the  water 
which  is  foreign  to  it ;  that  it  produces  a  little  more  than 
35  parts  of  carbonic  acid,  and  that  nearly  58  parts  of  al- 
kohol are  obtained  by  distillation,  about  2  parts  of  acetic 
acid  and  4<  of  extract  remaining. 

Independent  of  objections  which  may  be  made  to  the 
details  of  this  theory,  from  the  uncertainty  of  the  compo- 
sition of  the  substances  concerned,  so  far  as  relates  to  the 
proportions  of  their  elements  ;  and  independent  likewise 
of  the  correction  that  must  be  made,  from  the  fact  now 
established,  that  fecula,  as  well  as  sugar,  is  capable  of  fer- 
mentation,— an  eri;or  was  committed  by  Lavoisier,  which 
affects  the  general  theory,  from  not  attending  sufficiently 
to  the  operation  of  the  ferment  or  yeast.  This  he  regard- 
ed as  serving  merely  to  excite  the  fermentation,  and  as  re- 
maining  the  same  at  its  termination  as  at  its  commence- 
ment i  but  he  did  not  explain  in  what  manner  it  produ- 
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ced  this  efFect,  and  it  Is  possible,  that  its  operation  may  de- 
pend on  some  of  its  principles  entering  into  combination 
with  those  of  the  fermenting  substance. 

Fabroni  has  supposed  that  the  ferment  operates  in  ex- 
citing fermentation,  by  its  carbon  attracting  part  of  the  oxy- 
gen of  the  sugar,  forming  the  carbonic  acid,  which  is  dis- 
engaged ;  while  the  remaining  sugar  thus  partially  de-oxi- 
dized, enters  into  combination  with  its  hydrogen  and  nitro- 
gen, and  forms  what  properly  constitutes  the  vinous  or  fer- 
mented liquor,  or  gives  to  it  at  least  its  pungency  and  in- 
toxicating quality.  Neither  of  them,  therefore,  he  alleges,- 
is  to  be  found  in  the  liquor  after  fermentation,  if  this  has 
been  complete.  Of  this  theory,  however,  of  the  mode  of 
action  of  the  ferment,  no  proofs  are  advanced,  at  least 
none  are  stated  in  the  abstract  of  Fabroni's  opinion  given 
by  Fourcroy  *.j 

Thenard  has  given  a  view  somewhat  similar,  though 
not  perhaps  precisely  so,  and  has  endeavoured  to  support 
it  by  experiment.  He  mixed  a  quantity  of  ferment  with 
five  times  its  weight  of  sugar,  and  added  water  :  fermen- 
tation commenced,  and,  in  four  or  five  days,  all  the  sac- 
charine matter  had  disappeared  :  a  quantity  of  carbonic 
acid  gas  was,  as  usual,  disengaged  in  the  progress  of  the 
fermentation,  and  the  liquor,  on  distillation,  afforded  dilu- 
ted alkohol.  The  residue  of  the  liquor,  after  the  distilla- 
tion, was  evaporated  to  dryness,  and  a  substance  obtained, 
nauseous,  slightly  acid,  and  feebly  attracting  the  moisture 
of  the  air.  The  nature  of  the  acid  could  not  be  deter- 
mined', but,  according  to  Lavoisier,  it  is  the  acetous  which 
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is  obtained  in  such  an  experiment.  Lastly,  of  the  fermenl 
there  still  remained  two-thirds  of  a  substance,  which,  as 
Thenard  states,  he  was  surprised  to  find  afforded  much 
less  ammonia  by  distillation  than  the  original  ferment. 
From  this  fact,  which  appeared  to  indicate  that  part  of  its 
nitrogen  had  been  abstracted,  he  concluded,  that  by  mix- 
ing it  anew  with  sugar,  fermentation  would  take  place, 
and  all  the  nitrogen  would  disappear.  This  accordingly 
happened  :  at  the  end  of  seven  days,  the  liquor  being  fil- 
tered, a  residuum  was  obtained,  which  gave  no  trace  of 
ammonia. 

It  appearing  from  these  experiments,  that  the  nitrogen 
of  the  ferment  disappears  during  fermentation,  Thenard 
supposed,  that  it  might  be  carried  offby  the  carbonic  acid 
gas  ;  but,  on  collecting  this,  no  nitrogen  gas  was  found  to 
be  mixed  with  it.    Since  it  is  not  contained,  therefore, 
either  in  the  gas  which  escapes,  or  in  the  residuum,  it 
must  have  entered  into  the  composition  of  the  fermented 
liquor.  Yet  Thenard  could  not  discover  it  in  the  alkohol, 
the  essential  product  of  the  fermentation,  when  he  sub- 
jected it  to  various  modes  of  analysis  with  this  view.  He 
concludes,  however,  that  it  must  exist  in  it  •,  and  these 
experiments  lead  to  the  view  he  has  given  of  the  action  of 
the  ferment  in  exciting  fermentation.    He  supposes,  that 
all  the  carbonic  acid  disengaged  does  not,  as  Lavoisier  had 
concluded,  proceed  from  the  decomposition  of  the  sugar  : 
the  first  portions  of  it  he  assumes  are  formed  from  a  com- 
bination of  the  carbon  of  the  ferment  with  the  oxygen  of 
the  sugar ;  and  the  ferment  excites  fermentation,  bv  ab- 
stractlng  from  the  sugar  a  portion  of  this  principle ;  the 
equilibrium  of  its  principles  being  broken,  gives  rise  to 
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their  combination  In  a  different  manner,  so  as  to  form  car- 
bonic acid  and  alkohol :  even  a  part  of  the  hydrogen  of 
the  ferment,  he  supposes,  attracts  part  of  the  oxygen  of 
the  sugar  and  Its  nitrogen  probably  enters,  with  the  re- 
maining elefnents  of  the  sugar,  into  the  composition  of  the 
alkohoh  The  other  principles  of  the  ferment  not  expend- 
ed in  these  combinations,  form,  he  supposes,  the  small 
quantity  of  acetic  acid,  and  the  insoluble  matter  which  is 
precipitated.  In  confirmation  of  these  views,  he  farther 
*  states,  that  ferment  has  a  strong  attraction  to  oxygen ; 
that  it  absorbs  it  from  tlie  atmosphere,  and  forms  carbonic 
and  acetic  acids,  the  nitrogen  being  disengaged  *. 

Seguin  has  given  a  very  different  view  of  the  theory  of 
fermentation.  He  supposes,  that  in  this  process  water  is 
decomposed  j  that  its  oxygen  unites  with  the  carbon  of 
the  ferment,  and  produces  carbonic  acid  ;  while  its  hydro- 
gen combines  with  the  sugar,  and  converts  it  into  alko- 
hol f .  The  objection  to  this  theory,  as  Thenard  has  re- 
■marked,  is,  that  by  fermentation  more  alkohol  ought  to  be 
obtained  than  there  was  sugar ;  whereas  little  more  than 
half  its  weight  is  produced.  And  besides,  the  carbon  of 
the  ferment  cannot  be  supposed  to  furnish  all  the  carbonic 
acid  that  is  disengaged ;  nor  does  alkohol  contain  so  large 
a  proportion  of  oxygen  as  sugar. 

It  is  obvious,  that  the  facts  are  not  yet  sufficiently  as- 
certained to  admit  of  any  certain  conclusions  being  drawn, 
much  less  of  a  perfect  theory  being  delivered,  since,  amid 
the  obscurity  which  still  prevails,  various  suppositions,  ^ 

*  Nicholson's  Journal,  vol.  vii.  p.  4^. 
Ibid.  p.  43. 

C  c  3 


406'  OF  VINOUS  FERMENTATION. 


priori,  perhaps  equally  probable,  might  be  formed  as  to  the 
reciprocal  actions  of  substances,  the  elements  of  which  are 
so  much  disposed  to  mutual  combinations,  as  those  con- 
cerned in  fermentation;  and  the  subject  must  still  remain 
to  be  elucidated  by  farther  research. 

By  the  process  of  fermentation,  a  number  of  liquors  are 
formed,  all  possessed  of  certain  powers,  particularly  of  an 
intoxicating  quality,  but  differing  considerably  from  each 
other  in  their  strength  as  vinous  liquors,  their  taste,  fla- 
VQur,  and  other  qualities, — differences  owing  partly  to  the 
circumstances  under  which  the  fermentation  has  been  con- 
ducted, but  more  to  the  substances  from  which  they  have 
been  formed.  They  may  be  arranged  under  two  divisions, 
different  from  each  other, — into  what  are  named  Wines, 
formed  by  fermentation  from  the  sweet  juices  of  fruits, 
and  into  the  various  kinds  of  Ale  or  Beer,  formed  by  the 
same  process  from  the  nutritive  grains,  subjected  more  or 
less  to  the  process  of  germination  or  malting. 

Of  the  "Wines,  those  afforded  by  the  juice  of  the  grape 
claim  pre-eminence.  It  is  highly  saccharine,  without 
much  acid,  or  matter  liable  to  afford  acid  ;  its  flavour  is 
agreeable,  and  it  contains  the  principle  necessary  to  excite 
fermentation.  Hence  it  passes  readily  into  that  state,  and 
affords  a  rich  vinous  liquor.  Numerous  varieties  of  these 
wines  are  formed  from  the  grape,  modified  by  climate,  soil, 
and  culture,  in  consequence  of  which  it  is  more  or  less 
saccharine,  and  intermixed  with  other  principles  from 
which  it  derives  flavour  and  other  qualities.  The  product 
is  scarcely  less  influenced  by  the  manner  in  which  the  fer- 
mentation is  conducted  ;  whether  it  has  been  rapid  or 
slow,  whether  the  air  has  been  freely  admitted,  and  the 
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gas  allowed  as  freely  to  escape,  or  the  reverse ;  or  whether 
it  has  been  checked  before  it  has  been  completed.  Hence 
the  distinction  of  sweet  wines,  or  those  still  containing  a 
portion  of  saccharine  matter ;  of  strong  and  spirituous 
wines,  in  which  a  rich  juice  has  been  completely  ferment- 
ed, so  as  to  furnish  a  large  proportion  of  alkohol;  of  spark- 
ling wines,  in  which  a  quantity  of  carbonic  acid  is  retain- 
ed by  the  manner  in  which  the  fermentation  has  been  con- 
ducted, or  by  its  having  been  put  into  bottles  before  this 
has  been  complete  j  and  rough  or  astringent  wines,  in 
which  some  astringent  matter  originally  contained  in  the 
fruit  is  retained.  Wines  too  differ  greatly  in  their  flavour, 
which  is  derived  from  the  grape,  and  is  much  liable  to  be 
modified  bv  soil  and  climate,  and  which  in  the  different 
wines  is  still  more  varied  by  the  mixture  of  different  va- 
rieties of  grapes.    The  colour  of  wines  is  derived,  not 
from  the  juice  of  the  grape,  but  from  the  external  pellicle: 
hence  colourless  wines  are  prepared  from  the  red  grape, 
by  expressing  the  juice  carefully,  and  allowing  none  of  the 
husks  to  remain  mixed  Vv'ith  it ;  while,  by  an  opposite 
practice,  or  by  macerating  the  juice,  while  fermenting,  on 
the  husks,  colour  is  communicated.     All  wines  contain 
too  a  portion  of  super-tartrate  of  potassa  derived  from  the 
juice  ;  this  they  deposite  slowly,  in  the  gradual  fermenta- 
tion they  suffer  in  the  cask  ;  and  to  this,  as  well  as  to  the 
other  changes  produced  by  this  slow  fermentation,  is  ow- 
ing the  improvement  of  wine  from  age. 

Wines  are  also  formed  from  other  fruits,  as  from  the 
currant,  apple,  pear,  &c.  The  juices  of  the  currant,  goose- 
berry, &c.  contain  too  large  a  proportion  of  acid,  and  too 
little  saccharine  matter,  to  furnish  wine  equal  to  that  from 
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the  grape,  but  are  improved  by  adding  sugar  to  the  juice, 
before  fermentation.  Cyder,  from  the  juice  of  the  apple, 
and  perry  from  that  of  the  pear,  retain  a  considerable 
quantity  of  the  acid  of  the  fruit,  and  a  large  quantity  of 
carbonic  acid,  which  communicates  to  them  pungency  and 
a  sparkling  quality.  There  also  remains  in  these  liquors 
a  portion  of  extractive  matter  or  mucilage,  which  renders 
them  more  liable  to  pass  into  the  acetous  fermentation. 

The  other  kinds  of  fermented  liquors,  are  those  formed 
from  barley  and  other  grains,  forming  the  different  varie- 
ties of  ale  and  beer.  In  the  preparation  of  these,  the  fe- 
cula  and  mucilage  of  the  grain  requires  to  be  altered  by 
the  process  of  malting  ;  both  to  afford,  by  the  production 
of  saccharine  matter,  a  liquor  more  easily  fermented  and 
stronger,  and  to  render  them  less  liable  to  pass  into  the 
acetous  fermentation.  The  grain  is  steeped  in  water  for 
50  or  60  hours,  by  which  the  husk  is  softened,  and  a  por- 
tion is  imbibed  by  its  substance.  The  water  is  run  off, 
and  the  moistened  grain  is  spread  out  on  the  floor  of  a 
chamber,  being  collected  to  the  depth  of  10  or  12  inches, 
to  prevent  it  from  becoming  dry  :  the  light  too  is  in  a 
great  measure  excluded.  It  begins  to  germinate,  absorbs 
oxygen,  and  gives  out  carbonic  acid  :  in  consequence  of 
this  chfemical  action  the  temperature  rises;  and  to  pre- 
vent it  from  rising  too  high,  as  well  as  to  render  the  pro- 
cess as  uniform  as  possible  through  the  whole  grain,  it  is 
turned  up,  and  is  gradually  spread  into  a  thinner  heap. 
The  germ,  in  the  course  of  this  operation,  unfolds,  and 
the  plumula  gradually  elongates,  forming  what  the  brew- 
ers call  the  Acrospire.  The  progress  of  the  process  is 
known  by  the  extent  of  this  elongation,  which  is  permit- 
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ted  to  go  on  for  a  longer  or  shorter  time  according  to  the 
quality  of  the  grain,  and  the  kind  of  fermented  liquor 
that  is  to  be  formed.  When  the  plumula  is  about  equal 
to  the  length  of  the  seed,  the  fecula  is  supposed  to  be 
most  completely  converted  into  saccharine  matter.  When 
it  is  to  be  checked,  the  grain  is  dried  by  the  heat  of  a  kiln, 
which  is  raised  gradually,  and  which  for  different  pur- 
poses is  raised  to  different  degrees.  The  whole  of  these 
operations  constitutes  the  process  of  malting  ;  which  is. ob- 
viously nothing  more  than  germination  artificially  excited, 
with  the  view  of  converting  the  fecula  into  saccharine  mat- 
ter, and  the  theory  of  which  has  already  been  considered 
•(page  56,  &c). 

The  grain,  after  having  been  malted,  is  freed  from  the 
small  projecting  shoots,  and  is  ground  to  coarse  powder 
in  a  mill,  or  crushed  betvs^een  rollers.  This  is  infused  in 
warm  water  in  the  mashing  tun  :  the  temperature  at 
which  this  is  to  be  used  is  considered  as  of  importance, 
since,  if  not  sufficiently  high,  the  saccharine  matter  is  not 
properly  extracted,  while  if  it  be  too  high,  the  farina  be- 
comes pulpy  ;  the  temperature  at  which  the  water  is  ge- 
nerally used  for  the  first  infusion,  is  between  160*'  and 
170°.  This,  after  a  few  hours  maceration,  is  drawn  off, 
and  a  fresh  quantity  added.  These  liquids  form  the  wort: 
this,  previous  to  its  fermentation,  is  boiled  with  a  quan- 
tity of  some  bitter  vegetable,  generally  hops,  but  frequent- 
ly also  other  bitter  herbs  ;  the  advantage  of  which,  besides 
the  flavour  and  taste  which  it  communicates,  is  supposed  to 
be  to  check  the  tendency  of  the  liquor  to  acescency.  When 
the  temperature  has  subsided,  a  portion  of  yeast  is  added, 
by  which  fermentation  is  sooner  excited  ;  this,  after  it  has 
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continued  a  certain  time,  is  checked  before  it  is  perfectly 
complete,  at  least  when  the  object  is  to  prepare  a  ferment- 
ed liquor  for  drink,  and  the  liquor  is  drawn  off.  In  this 
manner  are  formed  the  different  kinds  of  beer,  ale,  and 
porter  ;  the  process  being  varied  with  regard  to  each  of 
these,  and  different  additions  being  made  besides  the  malt- 
ed grain.  They  are  of  course  weaker  than  wines,  and 
are  in  general  more  liable  to  become  flat  and  acescent, 
from  this  circumstance,  as  well  as  from  the  portion  of 
mucilaginous  and  extractive  matter  which  they  contain  ; 
but  they  are  still  possessed  of  the  same  general  qualities, 
agree  in  the  effects  they  produce  on  the  animal  system, 
and  afford  a  portion  of  alkohol  by  distillation.  Their  nar- 
cotic power  is  often  increased  by  the  addition  of  certain 
substances,  and  is  greater,  therefore,  than  is  proportioned 
to  their  strength  as  vinous  liquors  :  and  it  is  somewhat  mo- 
dified perhaps,  by  the  bitter  matter  which  the  stronger 
kinds  of  them  contain. 

When  grain  is  fermented  to  afford  a  wort  which  is  to 
be  subjected  to  distillation  with  the  view  of  affording  a 
spirituous  liquor,  part  of  it,  it  has  already  been  remarked, 
is  always  used  raw  or  unmalted.  The  fermentation  too 
is  conducted  rapidly,  and  is  carried  at  once  to  the  full  ex- 
tent, so  as  to  obtain  the  largest  produce  of  alkohol  fron* 
the  matter  convertible  into  it. 

From  fermented  liquors,  spirituous  liquors  are  obtain- 
ed by  distil-ation  ;  those,  consisting  of  alkohol  in  a  dilut- 
ed state,  but  varying  in  their  strength  and  flavour,  as  ob- 
tained from  different  substances.  Brandy,  the  purest  per- 
haps of  these  spirituous  liquors,  is  obtained  by  distillation 
from  wine  j  Rum,  from  the  fermented  juice  of  the  sugar 
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cane  :  and  from  the  dlfFerent  grains,  what  is  named  Malt 
Spirit  is  formed.  In  this  country,  to  prepare  the  last  of 
these,  the  liquor  fermented  from  the  rr\ixture  of  malted  and 
unnjalted  grain  is  subjected  to  distillation,  and  the  weak 
liquor  which  is  obtained,  is  rendered  stronger  and  purer 
by  distilling  it  a  second  time.  The  peculiar  flavour  of  these 
different  spirituous  liquors,  depends  probably  on  a  small 
portion  of  essential  oil,  derived  from  the  vegetable  matter 
from  which  they  have  been  originally  prepared,  and  not 
altogether  changed  by  the  fermentation,  or  perhaps  from 
combinations  established  in  the  course  of  the' processes 
from  which  they  have  originated. 

The  art  of  obtaining,  by  distillation,  spirituous  from 
'  fermented  liquors,  was  unknown  to  the  ancients.  It  is  said 
to  have  been  discovered  by  the  Arabians,  and  was  prac^ 
tised  during  the  dark  ages.  The  method  even  of  rectify- 
ing these,  so  as  to  obtain  alkohol,  was  known  to  some  of 
the  earlier  alchemists. 

It  was  generally  supposed,  that  the  alkohol  produced  by 
distillation  from  fermented  liquors  pre-existed  in  them,  and 
being  very  volatile  was  merely  separated  by  the  heat.  Fa- 
broni  advanced  the  opinion,  wliich  indeed  had  been  before 
suggested,  that  it  is  formed  from  the  principles  of  the  fer- 
mented liquor  during  the  distillation  •,  and  supported  this 
by  the  result  of  experiments,  in  which,  if  alkohol  be  add- 
ed to  wine,  it  can  be  discovered,  while  by  the  same  me- 
thod alkohol  cannot  be  detected  in  unmixed  wine.  The 
manner  of  making  the  experiment  by  which  this  is  esta- 
blished, is  to  take  fresh  wine  with  which  one-hundredth 
part  of  alkohol  has  been  mixed,  and  to  add  to  this  as  much 
potash  as  is  found  by  a  previous  experiment  to  be  neces- 
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sary  to  precipitate  the  resinous  colouring  residue.  It  is 
then  strained  and  put  into  a  glass  tube  graduated  into  100 
equal  parts,  and  as  much  potash  is  added  as  it  can  dissolve. 
The  hundredth  of  alkohol  which  had  been  added,  will  be 
seen  to  rise,  and  swim  on  the  surface  of  the  alkaline  solu- 
tion, and  will  be  of  the  same  degree  of  strength,  and  in  the 
same  proportion  that  had  been  added,  if  the  experiment  is 
performed  sufficiently  quickly  to  lose  nothing  by  evapora- 
tion. "  Now  if  by  this  means,"  says  Fabroni,  "  I  pro- 
cure only  the  same  quantity  of  alkohol  from  the  wine  that 
I  knew  it  contained  before,  and  no  more,  it  appears  to  me, 
that  I  have  a  right  to  conclude  that  that  which  I  obtain 
from  the  same  wine  by  distillation,  did  not  exist  in  it  be- 
fore, but  that  it  is  the  operation  of  distillation  which  forms 
it."  He  adds,  that  by  the  same  method  he  could  not  dis- 
cover in  new  wine  any  alkohol,  though  he  could  obtain 
from  it  20  or  25  parts  of  braixly  in  100,  by  distillation  *. 

This  experiment,  however,  is  not  perhaps  perfectly  con- 
clusive ;  for  admitting  the  accuracy  of  the  result,  (though 
it  must  be  considered  as  rather  singular,  that  one  hundredth 
of  alkohol  should  be  capable  of  being  separated  again  from 
a  liquor  in  which  it  is  dissolved,  and  that  without  any  loss), 
it  is  possible  that  the  alkohol  formed  during  the  fermenta- 
tion may  be  in  more  intimate  combination  with  the  prin- 
ciples of  the  wine,  which  will  impede  its  separation,  than 
a  portion  of  alkohol  newly  added  and  immediately  opera- 
ted on  will  be.  Chaptal  has  well  remarked,  in  reference 
to  this  question,  that  a  similar  phenomenon  is  to  be  ob- 


r  Anuales  de  Chimie,  torn.  xxxi.  p.  3()3. 
1  Nicholson's  Journal,  4to,  vol.  iv.  p.  4(>, 
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served  when  alkohol  is  mixed  with  water :  this  diluted  al- 
kohol  has  not  the  same  taste  with  distilled  spirit  of  the 
same  strength,  in  which  probably  the  combination  is  more 
intimate  ;  and  we  know,  indeed,  that  the  increase  of  den- 
sity from  such  a  mixture,  does  not  at  once  attain  its  maxi- 
mum ;  proving,  therefore,  that  the  combination  is  not  at 
once  complete.  It  may  be  added,  that  it  is  not  very  pro- 
bable that  at  a  temperature  so  moderate  as  that  at  which 
the  spirit  distils  ofF,  new  combinations  should  be  establish- 
ed from  which  it  would  be  formed  :  nor  is  this  heat  greater 
perhaps,  than  that  which  a  mixture  of  alkohol  with  water, 
of  the  same  strength,  would  require  to  cause  it  to  boil. 
And  the  fact,  that  the  alkohol  has  the  powers  of  the  fer- 
mented liquor,  and  has  them  in  a  much  higher  degree  than 
that  liquor  has,  favours  the  conclusion,  that  it  exists  in  it, 
and  communicates  to  it  these  qualities.  Nor  is  there  any 
force  in  the  argument  which  has  been  advanced  against 
this  opinion,  that  by  mixing  the  product  of  the  distillation 
of  a  fermented  liquor  with  the  residuum,  we  do  not  re- 
produce it;  since  it  is  obvious,  that  the  high  temperature 
which  prevails,  especially  towards  the  end  of  the  distilla- 
tion, might  have  so  altered  the  combinations  as  to  render 
this  impracticable.  It  appears,  on  the  whole,  most  pro- 
bable,; that  alkohol  pre-exists  in  wine  and  other  ferment- 
ed liquors,  but  probably  not  insulated,  but  combined,  as 
Chaptal  has  observed  *,  with  the  colouring  and  extractive 
matter,  and  the  other  constituent  principles  of  the  wine  ; 
so  that  when,  by  the  application  of  heat,  the  combination 
is  weakened,  these  principles  are  separated,  and  the  most 


*  Philosophical  Magazine,  vol.  xi.  p.  13]. 
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volatile  rises  first,  forming  alkohol,  which,  as  the  distilla- 
tion proceeds,  becomes  more  and  more  diluted  with  water. 

Yet  so  nearly  do  these  opinions  approximate,  that  even 
this,  it  appears,  may  be  understood  as  implying  that  the 
alkohol  is  actually  formed  ;  at  least  it  is  in  this  sense  that 
the  opinion  of  Chaptal  has  been  considered  by  Berthollet, 
and  adopted  by  him.  "  It  appears  to  me,"  says  he, "  that 
alkohol  has  not  at  first  an  insulated  existence  in  wine,  al- 
though a  little  may  be  found  in  generous  old  wines,  but 
that,  laying  aside  the  tartar  and  the  other  acids,  this  liquor 
must  be  considered  as  an  uniform  compound,  in  which, 
according  to  the  opinion  of  Chaptal,  the  properties  of  hy- 
drogen are  predominant  :  heat  disposes  this  elastic  prin- 
ciple to  separate,  but  its  elasticity  being  balanced  by  the 
affinity  which  retains  it  in  combination,  a  division  of  the 
elements  takes  place  in  the  ratio  of  these  two  forces,  and 
a  liquid  passes  in  distillation,  in  which  the  properties  of 
the  hydrogen  have  become  much  more  predominant,  while 
the  other  principles  of  greater  fixity'  remain  and  form  the 
extract  :  a  second  distillation  of  the  spirituous Jiquor  se- 
parates  the  wafer,  which  was  only  retained  with  the  al- 
kohol by  a  weak  affinity  The  arguments,  however, 
which  I  have  already  stated,  and  particularly  the  observa- 
tion, that  wine  possesses  the  same  power  as  alkohol  in 
acting  on  the  living  system,  appear  to  me  to  render  more 
probable  the  conclusion,  that  the  alkohol  exists  fully  form- 
ed in  the  wine  ;  for  this  similarity  of  power  could  scarcely 
be  expected,  were  its  elements  only  contained  in  the  wine 
in  other  combinations. 


*  Chemical  Statics,  vol.  ii.  p.  426. 
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Chaptal,  In  his  analysis  of  wines,  found  *,  that  the  alko- 
hol  they  afforded  varied  much  in  quantity :  some  rich 
wines  furnished  a  third  of  spirit,  while  some  weak  wines 
did  not  give  more  than  a  fifteenth.  He  found,  besides  the 
alkohol,  a  portion  of  acid  always  present, — all  wines  red- 
dening test  paper  :  it  appeared  from  his  experiments,  to 
be  the  malic  acid,  with  a  small  portion  of  the  citric  ;  it  is 
contained  in  larger  quantity  in  the  wines  from  other  fruits, 
as  cyder ;  and  predominates  in  the  fermented  liquors  from 
grain.  He  supposes,  with  some  probability,  that  it  is  the 
cause  of  the  disagreeable  flavour  the  spirit  distilled  from 
them  has,  compared  with  that  distilled  from  wine  :  this 
spirit,  at  its  first  distillation,  he  found  always  acidulous. 
The  richer  wine  Is  in  spirit,  the  less  malic  acid  docs  it 
contain  ;  and  hence  the  richest  wines,  under  the  same 
mode  of  distillation,  furnish,  lie  supposes,  the  most  agree- 
able and  purest  spirit,  though  this  may  be  doubted.  Wines 
also  always  contain  a  portion  of  tartar,  derived  from  the 
grape,  and  which  they  slowly  deposite.  They  hold  dis- 
solved too,  a  quantity  of  extractive  matter,  derived  from 
the  same  source,  and  which  is  more  abundant  in  new  than 
in  old  wines.  To  these  principles  Is  to  be  added,  the  co- 
louring matter  derived  from  the  pellicle  of  the  grape,  and 
dissolved  by  the  alkohol,  as  the  fermentation  proceeds. 
This  is  often  slowly  deposited,  and  may  at  once  be  preci- 
pitated by  adding  lime,  which  combines  with  the  malic 
acid,  and  attracts  the  colouring  matter.  This  precipitate 
is  insoluble  in  water,  either  cold  or  warm,  and  alkohol  has 
scarcely  any  efFect  on  it.    Lastly,  there  is  the  aroma  of 
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wine,  or  principle  which  gives  it  its  peculiar  flavour,  and 
which  is  so  delicate  as  to  be  destroyed  instead  of  being  se- 
parated by  heat. 

From  the  spirituous  liquors  of  commerce,  Alkohol 
may  be  obtained  ;  and  having  considered  the  production 
of  this  principle,  it  is  now  necessary  to  attend  to  the  pro- 
perties it  exhibits  in  its  pure  and  insulated  state. 

The  process  for  obtaining  it  in  this  state,  varies  accord- 
ing to  the  kind  of  spirituous  liquor  from  which  it  is  ex- 
tracted. The  purer  kinds,  as  brandy,  may  afford  it  mere- 
ly by  repeated  distillations,  a  portion  of  the  water  remain- 
ing at  each  distillation  in  the  retort,  with  any  small  quan- 
tity of  other  matter  contained  in  the  spirit ;  the  alkohol 
passes  over  less  and  less  diluted,  and  may  thus  at  length 
be  obtained  pure,  or  at  least  can  be  obtained  in  such  a  state 
by  adding,  in  the  latter  distillations,  a  little  potash  to  ab- 
stract the  water  more  completely.  When  it  is  to  be  ob- 
tained, however,  from  malt  spirit,  which  it  always  is  in 
this  country,  the  process  is  rather  more  complicated. 

The  spirit  is  first  distilled,  to  free  it  fro^  the  greater 
part  of  the  water  mixed  with  it,  and  the  nauseous  oily 
or  extractive  matter  derived  from  the  grain.  The  alkohol 
passes  over,  still  containing  a  littk  of  this,  and  a  portion 
of  water.  There  is  added  to  it  sub-carbonate  of  potassa, 
in  the  proportion  of  an  ounce  to  1  lb.  of  spirit ;  the  sub- 
carbonate  having  been  dried  perfectly,  and  indeed  raised 
nearly  to  a  red  heat,  and  added  before  it  is  quite  cold.  It 
attracts  much  of  the  water,  and  forms  a  solution  of  greater 
specific  gravity  than  the  purer  spirit ;  it,  therefore,  sub- 
sides to  the  bottom.    The  spirit  is  poured  off,  and  is  dis- 
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tilled  from  a  little  of  the  same  alkaline  carbonate,  (about 
half  the  quantity  before  employed,)  with  a  gentle  heat, 
stopping  the  distillation  before  it  come  to  dryness. 

The  spirit  thus  obtained,  though  very  strong,  lias  a  dis- 
agreeable flavour,  derived  from  the  alkali.  To  free  it 
from  this,  and  to  obtain  it  still  more  pure,  it  is  subjected 
to  another  distillation,  with  the  addition  of  a  small  quan- 
tity of  common  alum,  about  one  drachm  to  the  pound  ; 
the  acid  of  which  attracts  the  small  quantity  of  alkali  it 
had  held  in  solution  :  and  in  this  distillation  a  little  re- 
cently prepared  charcoal  powder  is  frequently  added,  to 
remove  more  completely  any  unpleasant  flavour. 

Alkohol  obtained  by  such  a  process,  is  of  a  specific  gra- 
vity of  about  0.835,  and  is  sufliciently  well  adapted  for  the 
uses  to  which  it  is  applied  in  pharmacy,  as  well  as  for 
many  chemical  purposes.     It  still  has  a  portion  of  water 
combined  with  it,  which  may  be  abstracted  by  repeated 
distillations  from  substances  having  a  strong  afHnity  to  wa- 
ter.   Potassa,  either  pure  or  in  the  state  of  sub-carbonate, 
and  nvuriate  of  lime,  are  those  generally  employed.  With 
pure  potassa  the  alkohol  may  be  so  far  concentrated,  as  to 
be  of  the  specific  gravity  of  0.815  ;  and  Dr  Fordyce  fur- 
nished a  quantity  used  in  the  first  experiments  of  Gilpin, 
at  .813.     By  using  muriate  of  lime,  it  may  be  obtained 
still  lighter.    Dr  Black  brought  it  to  800  :  in  the  tables 
of  Chaussier,  it  is  stated  at  the  temperature  of  60''"'  at  .798  j 
and  Lowitz  succeeded  in  obtaining  it  at  the  temperature 
of  68°  at  .791.    This  is  the  lowest  specific  gravity  at 
which  it  has  been  procured,  and  therefore  the  purest  alko- 
hol, though  it  is  still  uncertain  if  even  at  this  strength  it 
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is  perfectly  free  from  water-,  nor  indeed  have  we  any  me- 
thod of  determining  when  it  is  so. 

The  strength  of  alkohol  is  best  judged  of  from  its  spe- 
cific gravity.   It  combines  with  water  in  every  proportion, 
and  undergoes  no  change  in  its  properties,  farther  than  a 
change  in  its  density.   The  specific  gravity  of  the  alkohol. 
Is  always  increased  by  the  addition  of  the  water,  not  only 
from  the  greater  specific  gravity  of  the  latter  fluid,  but 
likewise  from  the  accrued  density  in  consequence  of  the 
chemical  combination.    From  this  last  circumstance,  the 
specific  gravities  of  such  mixtures  cannot  be  determined 
h  priori  from  knowing  what  portions  of  alkohol  and  of 
water  are  mixed  together,  but  must  be  determined  by  ac- 
tual  experiment.     This  is  a  subject  of  much  importance, 
from  its  relation  to  the  strength  of  the  spirituous  liquors 
of  commerce  ;  and  it  has,  accordingly,  from  time  to  time 
engaged  the  attention  of  many  chemists.    The  labours  of 
Blagden  and  Gilpin  have  been  most  extensive,  and  the  re- 
sults they  have  established  perhaps  the  most  accurate. 
Their  first  report  on  the  best  method  of  proportioning  the 
excise  on  spirituous  liquors  was  published  in  the  Philoso- 
phical Transactions  for  1790,  in  which  the  specific  gra- 
vities, from  standard  alkohol,  through  the  several  mixtures 
of  it  witk  water  in  different  proportions,  down  to  equal 
parts,  were  given  ;  the  experiments  having  been  executed 
by  Mr  Gilpin,  and  the  report  drawn  up  by  Dr  Blagden. 
In  a  supplementary  report  in  the  Transactions  for  1792, 
the  specific  gravities  ef  the  mixtures  in  which  the  propor- 
tions of  water  are  larger  were  given,  together  with  those 
formerly  given  and  again  repeated.    And  in  the  volume 
for  1794,  a  set  of  tables  were  published,  showing  the  spe- 


or  ALKOiior.  419 

cific  gravity  of  every  mixture  of  alkohol  and  water,  from 
100  of  alkohol  to  1  of  water,  and  100  of  water  to  1  of 
alkohol,  at  the  various  temperatures  from  30°  to  80^,  with 
additional  columns,  expressing  their  volumes,  the  diminu- 
tion they  suffer  from  the  combination,  tlie  quantity  of 
spirit  per  cent,  and  the  decimal  multiplier  by  which  the 
quantity  by  measure  of  standard  spirit  in  the  correspond- 
ing mixture  may  be  ascertained.  It  was  difficult  to  de- 
termine what  constituted  pure  alkohol,  as,  although  it  had 
been  taken  at  the  least  specific  gravity  at  which  it  could 
be  procured,  it  was  possible,  that  methods  might  after- 
wards be  discovered  of  obtainin'g  it  at  a  specific  gravity 
still  lower,  as  has  indeed  actually  happened.  It  was 
therefore  as  well  to  fix  on  it  of  a  certain  strength  as  a 
standard  ;  and  as  it  can  always  be  obtained  without  diffi- 
culty  of  the  specific  gravity  of  .82.3,  this  was  taken  as  the 
standard,  the  temperature  being  G0°  of  Fahrenheit.  This 
standard  alkohol  consists,  according  to  Mr  Gilpin's  experi- 
ments, of  4.5  of  water,  and  100  of  alkohol  of  the  specific 
gravity  of  .8 11-.  The  following  abridged  table,  formed  by 
I\Ir  Nicholson  *  from  the  more  extensive  tables,  shows  the, 
specific  gravities  of  the  different  mixtures  of  standard  alko- 
hol of  the  specific  gravity  of  .825  at  G0°,  with  the  difix>rent 
proportions  of  water,  for  every  five  degrees  of  temperature 
between  '50  and  80.  In  the  supplementary  report,  the  tem- 
peratures were  carried  even  to  100,  but  those  above  80  were 
omitted  in  the  last  tables,  probably  as  of  little  utility,  and 
as  being  unavoidably  liable  to  inaccuracy,  from  t])c  volatili- 
ty of  the  spirit.     I  have  therefore  likewise  omitted  them. 
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42^2  OF  ALKOllOL. 

The  specific  gravity  of  the  mixtures  of  alkohol  and  wa- 
ter is  best  determined  by  the  hydrometer  or  gravlmeter, 
of  which'  there  are  different  kinds  jn  use.  That  of  Fah- 
renheit, improved  by  Nicholson  and  Guyton,  is  probably 
1  to  be  preferred,  as  the  most  accurate  and  delicate  *.  The 
other  methods  that  have  been  employed  to  judge  of  the 
strength  of  spirituous  hquors,  as  well  as  of  pure  alkohol, 
are  inaccurate. 

Alkohol  i8-c6lourless,  and  perfectly  transparent.  Its  o- 
dour  is  fragrant,  and  its  taste  hot  and  pungent.  It  acts 
powerfully  on  the  animal  system,  exciting  exhilaration  and 
intoxication. 

It  is  always  fluid,  not  congealing  even  at  the  lowest 
cold  that  has  been  obtained  by  artificial  methods  •  it  is 
highly  expansible,  and  is  also  very  volatile.  It  evaporates 
quickly,  when  exposed  to  the  atmosphere  :  it  distils  in 
close  vessels  slowly  at  100°,  and  boils  at  165^.  In  this 
volatilization,  it  suffers  no  change  but  of  form,  being  con- 
densed in  its  original  state.  If  suddenly  exposed,  however, 
to  a  high  temperature,  it  is  decomposed,  new  combinations 
being  established  among  its  elements.  Thus,  when  trans- 
mitted through  an  ignited  tube,  it  is  converted  into  one 
or  other  of  the  varieties  of  oxy-carburetted  hydrogen  gas, 
according  to  the  temperature,  as  has  been  already  remark- 
ed, under  the  history  of  these  gases.  Watery  vapour  and 
carbonic  acid  gas  are  at  the  same  time  formed,  charcoal  is 
deposited,  which  by  incineration  affords  traces  of  potash, 
silex  and  lime  ;  and  a  kind  of  crystallized  volatile  oil  was 


*  Nicholson's  Journal,  -ito,  vol.  1.  p.  110. 
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observod  by  Vauquelin  to  be  formed  in  the  process,  which 
Saussure  has  since  likewise  observed. 

Alkohol  is  highly  inflammable.  It  kindles  when  the 
temperature  is  not  much  above  300^,  when  in  contact 
with  atmospheric  air,  and  burns  with  a  blue  lambent  flame, 
without  any  sensible  smoke,  and,  when  pure,  without  any 
residuum.  It  afi^orded,  therefore,  to  the  older  chemists 
the  best  example  of  a  substance  being  entirely  consumed 
by  combustion.  Yet  some  of  them,  as  Boerhaave,  observed, 
that  a  quantity  of  water  may  be  condensed  from  burning 
alkohol  ;  and  with  this,  there  is  also  formed  a  quantity  of 
carbonic  acid  gas.  The  quantity  of  water  was  found  by 
Lavoisier  to  amount  to  about  eighteen  from  sixteen  parts 
of  alkohol. 

By  performing  the  combustion  in  vessels  adapted  to 
collect  the  products,  Lavoisier  endeavoured  to  infer  from 
this  experiment  its  composition  *.  Of  a  quantity  of  al- 
kohol kindled  in  a  lamp,  there  were  burnt  93.5  grains, 
and,  in  the  combustion  of  this  quantity,  110.32  grains  of 
oxygen  were  consumed  :  there  was  produced,  carbonic 
acid  gas  to  the  amount  of  95.28  grains  ;  and  a  quantity 
of  water  was  condensed,  which  Lavoisier  calculated  to  a- 
mount  to  108.54-  grains.  From  these  results,  he  inferred 
the  composition  of  alkohol ;  for,  knowing  the  composition 
of  carbonic  acid  gas,  it  was  easy  to  determine,  from  the 
quantity  of  it  formed  in  the  experiment,  what  portion  of 
the  oxygen  consumed  had  been  spent  in  its  formation,  by 
combining  with  the  carbon  of  the  alkohol ;  the  remaining 
quantity  of  oxygen  had  of  course  gone  to  the  formation 


*  M  oioires  dc  I' Acad,  des  Sciences,  1781,  p.  598. 
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of  water,  by  combining  with  the  hydrogen  of  the  alkohol; 
and  what  water  appeared  over  this,  Lavoisier  supposed  to 
have  pre-existed  in  the  alkohol,  as  essential  to  its  compo- 
sition. On  these  grounds,  he  concluded,  that  alkohol 
consists  of  28.5  of  carbon,  7.8  of  hydrogen,  and  63.5  of 
water.  But  allowing  the  accuracy  of  the  results,  which 
Lavoisier  himself  regarded  only  as  approximations,  it  is 
obvious,  that  the  inference,  that  the  large  quantity  of  wa- 
ter formed  in  the  combustion  above  that  which  could 
have  been  derived  from  the  quantity  of  oxygen  consumed, 
pre-existed  in  the  alkohol,  by  no  means  follows,  since  it 
might  have  been  rather  the  elements  of  this  water,  or,  in 
other  words,  the  alkohol  might  contain  a  portion  of  oxy- 
gen, which  would  contribute,  with  the  oxygen  of  the  air 
consumed,  to  the  formation  of  the  water  and  carbonic 
acid  and  this  inference  is  even  more  probable,  than  that 
so  large  a  quantity  of  water  should  exist  in  alkohol  ready 
formed,  combined  merely  with  carbon  and  hydrogen. 

The  composition  of  alkohol  has  been  more  lately  inves- 
tigated by  T.  Saussure  *,  By  burning  a  given  weight  of  it 
in  oxygen  gas  mixed  with  a  certain  proportion  of  atmo- 
spheric air,  observing  the  quantity  of  oxygen  consumed, 
and  of  carbonic  acid  and  water  formed,  he  endeavoured  to 
determine  the  proportions  of  its  elements  ;  and  he  farther 
confirmed  the  results,  by  detonating  the  vapour  of  alko- 
hol with  oxygen  in  a  tube,  and  by  decomposing  it  by  pass- 
ing it  through  an  ignited  tube.  The  two  latter  modes  of 
experiment  he  regards  as  more  accurate  than  the  first. 
The  results  of  the  one  gave  as  the  elements  of  alkohol  and 
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their  proportions,  carbon  48.82,  hydrogen  15.82,  oxygen 
4>1.36.  The  results  of  the  other  gave  carbon  43.65,  oxy- 
gen 37.85,  hydrogen  14.94,  nitrogen  3.52,  ashes  0.04. 
The  alkohol  on  which  he  operated  was  of  the  specific  gra- 
vity of  0.792  at  the  temperature  of  68°  of  Fahrenheit. 
We  know  not,  however,  what  proportion  of  water  this 
alkohol  contains,  and  of  course  the  experiments  of  Saus- 
sure  leave  still  undetermined  the  question,  what  propor- 
tions of  the  oxygen  and  hydrogen,  indicated  by  analysis  to 
be  contained  in  alkohol,  exist  in  it  as  immediate  princi- 
ples, and  what  proportions  exist  in  it  in  the  state  of  water. 
The  presence  of  nitrogen  had  not  been  indicated  by  for- 
mer researches.  Saussure  considers  it  however  as  an  essen- 
tial ingredient  in  alkohol,  and  not  as  derived  from  the  air 
during  the  combustion.  Thenard,  as  has  been  already  re- 
marked, (page  403),  found  that  the  nitrogen  of  yeast  disap- 
pears during  vinous  fermentation,  though  he  did  not  dis- 
cover it  in  the  alkohol. 

Alkohol  is  capable  of  combining  with  water  in  every 
proportion.  I'hough,  in  this  case,  no  new  properties  are 
acquired,  yet  it  is  a  real  chemical  combination,  as  is  evi- 
dent from  the  condensation  which  always  accompanies  it. 
In  whatever  proportion  the  two  liquors  are  mixed  together, 
the  specific  gravity  of  the  compound  is  never  the  mean  of 
the  specific  gravities  of  the  separate  fluids,  but  is  always 
greater.  Thus,  if  one  part  of  alkohol,  whose  specific  gra- 
vity is  817,  be  mixed  with  one  part  of  water  whose  spe- 
cific gravity  is  1000,  the  specific  gravity  of  the  compound 
Vvill  not  be  the  mean  of  their  respective  gravities,  908.5, 
but  will  not  be  less  than  934  ;  and  a  difi^erence  will  like- 
wise obtain  in  M'hatever  proportions  the  fluids  are  mixed. 
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This  difFerence  proceeds  in  a  decreasing  ratio  ;  that  is  to 
say,  when  ten  parts  of  alkohol  are  mixed  with  one  of  wa- 
ter, the  difference  in  the  specific  gravity  which  is  produced 
is  greater  than  when  the  ten  parts  are  mixed  with  two, 
and 'greater  in  this,  than  when  mixed  with  three.  The 
progression,  however,  is  not  regular  ;  and  hence,  the  spe- 
cific gravity  of  any  possible  mixture  of  alicohol  and  water 
cannot  be  calculated  a  priori^  but  must  be  determined  by 
actual  experiment. 

The  greater  density  which  the  combination  of  alkohol 
with  water  acquires,  is  accompanied  with  a  diminution  in 
the  capacity  for  caloric,  as  has  been  ascertained  by  actual 
experiment ;  aiid  hence,  a  rise  of  temperature  accompa- 
nies their  union.  The  combination  is  also  accompanied 
with  a  hissing  noise,  and  the  formation  of  air  bubbles. 
"When  alkohol  is  diluted  with  an  equal  weight  of  water,  it 
forms  what  is  named  Proof  Spirit. 

In  consequence  of  its  affinity  to  water,  alkohol  is  capa- 
ble of  precipitating  many  of  the  neutral  salts  from  their 
aqueous  solutions.  There  are  others  which  it  does  not 
precipitate,  owing  to  the  affinity  it  exerts  towards  them, 
and  which,  even  in  its  pure  state,  it  is  capable  of  dissolv- 
ing, particularly  those  which  are  deliquescent,  which  have 
ammonia,  lime,  or  magnesia  for  their  base;  or  the  nitric 
or  muriatic  acid  for  their  acid.  From  both  of  these  pro- 
perties, alkohol  is  a  very  useful  re- agent  in  the  analysis  of 
mineral  waters,  and  under  the  consideration  of  that  sub- 
ject has  been  more  fully  taken  notice  of.  It  has  already 
been  remarked,  that  many  of  these  saline  substances  give 
a  peculiar  tinge  to  the  flame  of  alkohol  in  burning. 

Alkohol  combines  with  the  alkalis.    It  dissolves  potas- 
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qnd  soda  in  their  pure  state  ;  and  from  this  property, 
as  has  been  already  remarked,  it  is  employed  in  their  pre- 
paration, and  enables  us  to  obtain  them  free  f.  om  foreign 
substances.  It  appears  to  suffer  a  decomposition  from  the 
alkali,  probably  from  part  of  its  carbon  and  oxygen  being 
combined  by  the  resulting  affinity  the  alkali  exerts,  so  as 
to  form  carbonic  acid  for  the  solution  acquires  a  deep 
brown  colour  5  and  according  to  Pelletier  carbonate  of  po- 
tassa  is  formed,  and  the  alkohol  at  length  disappears  *. 
Ammonia  may  likewise  be  combined  with  alkohol  by  dis- 
tillation. Of  the  earths,  strontites,  and  perhaps  barytes, 
are  dissolved  by  it. 

The  acids  combine  with  alkohol,  and  some  of  them  de- 
compose it  ;  but  as  a  particular  order  of  compounds  re- 
sults from  these  actions,  they  will  be  better  considered  af- 
ter the  history  of  alkohol. 

Alkohol  unites  with  sulphur,  but  to  effect  the  combina- 
tion it  is  requisite  that  the  sulphur  should  be  presented  to 
it  in  th^  state  of  vapour.  In  this  way  their  combination 
was  effected  by  Lauraguais  f .  According  to  Favre,  how- 
ever, if  alkohol  be  highly  rectified  or  freed  from  water,  it 
dissolves  sulphur,  merely  by  applying  heat  though  less 
than  sufficient  to  cause  the  alkohol  to  boil.  By  digesting 
an  ounce  of  alkohol  with  two  drachms  of  sulphur,  he  found 
from  13  to  23  grains  to  be  dissolved,  according  to  the  heat 
applied  %.  The  compound  of  sulphur  and  alkohol  formed 
by  the  process  of  Lauraguais,  is  a  liquid*  of  a  reddish  co- 

*  Mcmoires  de  Chimie,  torn.  i.  p.  321. 

f  Ml' moires  de  I'Acad.  des  Sciences,  1758,  p.  S^. 
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lour  and  foetid  smell,  resembling  that  of  sulphuretted  hy- 
drogen :  it  becomes  turbid  on  cooling,  and  sulphur  is  pre- 
cipitated from  it  by  the  addition  of  water.  The  propor- 
tion of  sulphur  it  contains  is  about  a  sixtieth. 

Phosphorus  is  dissolved  by  alkohol  ;  the  solution  is  ren- 
dered turbid,  and  the  phosphorus  precipitated  on  the  af- 
fusion of  water.  When  the  liquor  is  poured  on  water,  a 
tremulous  but  vivid  light  is  perceived,  when  the  experi- 
ment is  made  in  the  dark. 

Alkohol  does  not  dissolve  carbon,  nor  does  it  combine 
with  hydrogen.  It  absorbs,  as  has  been  already  remarked, 
nitric  and  nitrous  oxides.  It  exerts  no  action  on  the  me- 
tals, even  when  they  are  oxidized,  but  it  dissolves  a  num- 
ber of  the  metallic  salts. 

Alkohol  is  the  solvent  of  a  number  of  the  vegetable 
proximate  principles,  as  sugar,  resin,  extract,  camphor,  es- 
sential oil,  and  several  of  the  acids.  These  combinations 
give  rise  to  various  compounds.  With  essential  oils  are 
formed  the  odoriferous  essences  and  the  distilled  spirits. 
These  are  commonly  prepared  by  distillation.  A  quantity 
of  proof  spirit  is  poured  on  any  aromatic  fragrant  vegeta- 
ble :  a  moderate  heat  is  applied  :  the  alkohol  of  the  proof 
spirit  dissolves  the  essential  oil,  and  distils  over.  What 
are  thus  formed  are  named  Distilled  Spirits,  in  contradis- 
tinction to  Distilled  Waters,  prepared  by  distilling  water 
from  the  plant.  As  the  essential  oils  are  readily  soluble 
in  alkohol,  the  spirit  may  be  easily  impregnated  with  them 
by  agitation. 

Camphor  dissolved  in  alkohol  forms  a  compound,  which 
is  used  in  medicine  as  a  stimulant. 

Resins  dissolved  in  alkohol,  as  I  hp.ve  already  remark- 
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eii,  form  Varnishes.  Balsams  dissolve  in  it  entirely,  gum- 
resins  partially. 

Alkohol,  from  its  power  of  dissolving  these  principles, 
is  able  to  extract  the  active  matter  of  many  vegetables  ; 
and  when  diluted  with  an  equal  part  of  water,  so  as  to 
form  proof  spirit,  its  solvent  power  is  still  more  extensive. 
Both  in  its  pure  and  diluted  state,  it  is  therefore  frequent- 
ly used  in  pharmacy  to  dissolve  the  active  principles  of 
many  vegetable  products,  and  thus  to  separate  them  from 
the  ligneous  fibre  or  other  inert  matter  with  which  they 
may  be  mixed.  Solutions  of  this  kind  are  named  Tinc- 
tures or  Elixirs.  Those  that  are  prepared  with  pure  alko- 
hol are  decomposed  by  water,  the  resinous  matter  being 
precipitated  ;  those  with  proof  spirit,  are  in  general  miscl- 
ble  without  decomposition.  From  its  solvent  power,  al- 
kohol is  likewise  often  employed  by  the  chemist. 


The  action  of  the  more  powerful  acids  on  alkohol,  it 
has  been  remarked,  is  peculiar,  and  gives  rise  to  an  order 
of  compounds  of  some  importance  from  their  chemical 
properties.  These,  as  produced  by  the  different  acids, 
vary  somewhat  in  tlieir  qualities  :  they  also  agree,  how- 
ever, in  the  possession  of  certain  general  properties  i  they 
are  highly  volatile,  odorous,  pungent,  and  inflammable, 
miscible  with  water,  and  capable  of  combining  with  alko- 
hol in  every  proportion.  These  compounds  are  named 
ETHERS  ;  the  specific  name  of  each  being  derived  from  the 
acid,  from  the  action  of  which  on  alkohol  it  has  originat- 
ed, as  the  sulphuric,  nitric,  muriatic,  or  acetic  ether. 
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Sulphuric  ether  is  of  these  compounds  the  one  which 
has  been  longest  known.  The  following  is  the  process  by 
which  it  is  prepared. 

Upon  a  quantity  of  :ilkohoI  in  a  retort,  (selected  thin  at 
the  bottom,  so  as  to  be  capable  of  bearing  a  sudden  heat), 
is  poured  an  equal  weight  of  sulphuric  acid.  The  acid  is 
added  in  a  full  stream,  so  that  from  its  greater  specific 
gravity  it  falls  at  once  to  the  bottom  of  the  retort  ;  it  is 
then  mixed  with  the  alkohol  above  by  frequent  and  mode- 
rate agitation.  From  this  mixture  the  alkohol  acquires  a 
brownish  colour ;  vapours  haviog  a  fragrant  odour  are  dis- 
engaged ;  and  the  temperature  rises  to  about  180  of  Fah- 
renheit. "When  the  mixture  of  the  acid  and  alkohol  is 
complete,  the  retort  is  to  be  Immediately  placed  in  a  sand 
bath,  and  connected  with  two  large  receivers,  which  are 
kept  cool,  by  water  or  ice.  Keat  is  to  be  applied  to  tlie 
retort.  The  liquor  boils  when  the  temperature  is  raised 
to  208,  the  ether  being  formed  at  that  temperature,  and 
distilling  over  :  the  condensation  of  it  is  to  be  promoted  by 
keeping  the  receivers  cool  with  water,  and  the  distillation 
is  to  be  continued  till  about  half  the  quantity  of  the  alko- 
hol employed  has  distilled  over,  or  until  the  neck  of  the  re- 
tort becomes  obscured  with  white  fumes,  which  condense 
into  a  matter  of  apparently  an  oily  consistence. 

The  liquor  which  distils  over  into  the  receiver  is  the 
sulphuric  ether.  If,  to  the  residual  liquor  in  the  retort, 
there  be  added  half  the  quantity  of  alkohol  employed  in 
the  first  distillation,  on  applying  heat,  a  new  production 
of  ether  takes  place ;  and  this  may  be  repeated  several 
times.  In  this  way  it  was  ascertaiiied  by  Doll  fuss,  that  one 
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part  of  sulphuric  acid  can  convert  froili  two  to  three  times 
its  weight  of  aikohol  into  ether. 

Besides  ethej,  there  are  some  other  products  formed 
tluring  the  action  of  sulphuric  acid  upon  aikohol.  To- 
wards the  end  of  the  process  an  oily-like  matter  distils 
over,  which  has  been  named  Sweet  Oil  of  Wine.  Tiiis 
can  be  obtained  separate,  by  changing  the  receiver  :  it  is 
unctuous,  thick,  and  less  volatile  than  the  ether,  but  is 
soluble  both  in  it  and  in  aikohol.  It  is  obtained  likewise 
by  distilling  sulphuric  ether  from  a  fresh  quantity  of  acid. 
Chemists  are  not  agreed  respecting  its  nature  :  Fourcroy 
and  Vauquelin  consider  it  as  similar  to  ether,  and  that  it 
differs  from  that  fluid  principally  in  containing  a  larger 
proportion  of  carbon,  which  gives  to  it  more  density  and 
less  volatility.  Other  chemists,  particularly  Higgins,  have 
affirmed,  that  it  is  a  compound  of  ether  and  sulphurous 
acid,  and  that  by  the  addition  of  an  alkali  which  combines 
with  the  acid,  a  quantity  of  ether  may  be  obtained  from 
it.  It  does  not  appear,  however,  that  this  combination  can 
be  formed  directly,  or  that  ether  can  combine  with  a  large 
quantity  of  sulphurous  acid,  so  as  to  assume  the  properties 
of  oil  of  wine  ;  and  though  this  substance  may  contain  h 
portion  of  this  acid,  it  is  not  improbable  that  it  also  differs 
from  ether  in  its  ultimate  composition. 

At  the  same  time  that  the  oil  of  wine  is  disengaged,  there 
is  formed  a  quantity  of  defiant  gas,  which  passes  off.  It 
was  in  this  process  indeed,  that  the  production  of  this  gas 
was  first  observed  ;  and  the  action  of  sulphuric  acid  on  ai- 
kohol still  affords  us  the  best  method  of  obtaining  it 
pure.  There  is  also  separated  a  quantity  of  carbonace- 
ous matter  somewhat  bituminous,  which  gives  to  the  li- 
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quor  a  black  colour.  Towards  the  end  of  the  process  the 
liquor  becomes  so  loaded  with  this  carbonaceous  matter, 
and  at  the  same  time  is  capable  of  bearing  so  high  a  tempe- 
rature, that  if  the  heat  is  kept  up,  the  sulphuric  acid  is  de- 
composed, and  a  large  quantity  of  sulphurous  acid  gas 
and  carbonic  acid  is  produced.  If  the  greatest  care  is  not 
taken  to  keep  the  heat  moderate,  the  whole  liquor  is  apt 
to  swell  suddenly  up,  and  boil  over  into  the  receiver.  If 
examined  at  this  time,  it  is  likewise  found  to  contain  a 
portion  of  acetic  and  oxalic  acids,  and  the  sulphuric  acid 
is  considerably  diluted  with  water. 

From  the  formation  of  sulphurous  acid  towards  the 
end  of  the  process,  the  ether  is  so  far  impregnated  with  it, 
that  its  fragrance  is  injured,  and  it  is  rendered  pungent 
and  acrid.  It  is  also  diluted  with  a  portion  of  water.  It 
is  freed  from  these,  by  subjecting  it  to  a  second  distilla- 
tion with  a  very  gentle  heat  applied  by  a  water-bath,  pure 
potassa  being  previously  added  to  it,  in  the  proportion  of 
two  drachms  to  each  pound ;  this  attracts  the  sulphurous 
acid,  and  renders  also  the  water  rather  less  volatile.  Slaked 
lime  may  be  substituted  with  advantage,  as  was  proposed 
by  Woolfe.  Another  method  of  rectification,  proposed 
by  Pelletier  *,  and  revived  by  Dizc  -j-,  which  I  have  found 
to  succeed  extremely  well,  is  to  distil  the  ether  of  the  first 
distillation  from  a  little  black  oxide  of  manganese,  the  oxy- 
gen of  which  combines  with  the  sulphurous  acid,  convert- 
ing it  into  sulphuric  ;  and  ihis,  with  the  water,  remains 
in  the  retort.    Even  after  either  of  these  processes,  the 
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ether  may  still  contain  a  portion  of  alkohol,  which  usually 
passes  over  in  the  first  stage  of  the  distillation.  This  is 
best  abstracted  by  agitation  with  water,  which  imbibes 
the  alkohol,  and  a  little  of  the  ether:  the  greater  part  of 
the  ether  floats  above,  may  be  drawn  off,  and  by  distilling 
it  with  a  very  gentle  heat,  is  obtained  extremely  pure. 
Saussure  found,  that  when  a  large  quantity  of  it  was  burnt, 
and  the  water  afforded  by  its  combustion  collected,  not 
a  trace  of  sulphuric  acid  could  be  discovered, — a  proof 
that  the  acid  is  not  necessary  to  its  constitution. 

A  degree  of  obscurity  still  prevails  with  regard  to  the 
theory  of  the  formation  of  sulphuric  ether  ;  different  views 
having  been  entertained  of  the  agency  of  the  acid  on  the 
alkohol.    The  explanation  that  was  generally  given,  after 
the  establishment  of  the  theory  of  Lavoisier,  was  founded 
on  the  supposition,  that  the  acid  acts  principally  by  com- 
municating o.xygen.    Alkohol  consists  of  carbon  and  hy- 
drogen, with  a  portion  of  oxygen  :  when  mixed  with  sul-  , 
phuric  acid,  and  exposed  to  heat,  it  was  supposed  that  part 
of  the  acid  suffered  decomp-Dsition,  its  oxygen  being  at- 
tracted by  the  hydrogen  of  the  alkohol,  and  forming  wa- 
ter :  the  balance  of  attractions  between  the  principles  of 
the  alkohol  being  thus  broken,  part  of  its  carbon  is  preci- 
pitated, and  is  diffused  through  the  liquor,  rendering-  it 
thick  and  dark  coloured  ;  and  the  remaining  quantities  of 
its  elements,  its  carbon,  hydrogen,  and  oxygen,  unite  and 
form  the  ether. 

Thi»  explanation  is  founded  on  the  supposition,  that 
the  sulphuric  acid  is  decomposer!  in  the  process  by  which 
ether  is  formed.    But  a  few  years  ago  it  was  afHrmed  by 
Fourcroy  and  Vauquelin,  from  a  series  of  experiments 
Vol.  IV.  E  e 
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which  they  undertook  to  elucidate  this  subject,  that  such 
a  decomposition  of  the  acid  is  not  necessary  to  its  forma- 
tion :  that  although  it  may  take  place  to  a  certain  extent 
towards  the  end  of  the  process  when  the  liquor  rs  loaded 
with  carbon,  there  is  no  indication  of  it  in  the  first  stage, 
during  which,  principally^  the  ether  is  formed  •,  no  sul- 
phurous acid  gas  is  discharged,  and  if  the  process  be  stopt 
at  the  end  of  this  stage,  the  remaining  acid,  they  found, 
is  capable  of  saturating  the  same  quantity  of  alkali,  as  be-  . 
fore  its  mixture  with  the  alkohol  *. 

These  chemists  gave,  therefore,  a  different  view  of  this 
subject.  They  suppose,  that  the  sulphuric  acid  sufi^ers  no 
decomposition,  and  that  it  acts  no  other  part  than  causing, 
by  the  exertion  of  a  disposing  affinity,  the  decomposition 
of  the  alkohol.  By  this  affinity  it  disposes  part  of  the  hy- 
drogen and  of  the  oxygen  of  the  alkohol  to  combine  and 
form  water ;  the  balance  of  attractions  being  subverted,  a 
quantity  of  carbon  is  separated,  and  the  remaining  carbon, 
hydrogen,  and  oxygen,  combine  and  form  the  ether. 

This  theory,  however,  arVvanced  by  these  chemists,  is' 
not  perfectly  established.  Though  they  affirm,  that  the 
acid  remaining  after  the  formation  of  ether,  saturates  as. 
much  alkali  as  it  would  do  previous  to  its  mixture  with 
the  alkohol,  the  experiment  by  which  this  is  supposed  to 
be  established,  is  not  altogether  without  fallacy.  During 
the  formation  of  ether,  there  is  always  a  formation  from 
the  elements  of  the  alkohol,  of  some  of  the  vegetable  acids, 
particularly  of  the  acetous  and  oxalic.  The  oxalic,  it  has 
been  ascertained  by  the  observations  of  Cadet,  is  formed 
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copiously  even  without  heat,  merely  by  allowing  the  mix- 
ture of  acid  and  alkohol  to  remain  at  rest  for  some  time. 
These  acids  will  contribute  to  the  saturation  of  the  alkali : 
so  that  if  none  of  the  sulphuric  acid  were  decomposed, 
more  alkali  ought  actually  to  be  saturated  by  it  after,  than 
before  its  mixture  with  the  alkohol. 

There  are  also  some  facts  which  appear  to  prove  the  ne- 
cessity of  the  presence  of  some  substance  that  can  part 
with  its  oxygen,  for  the  production  of  ether.  Thus,  ether 
is  formed  with  most  facility  by  those  acids  which  yield 
oxygen  readily  :  it  is  formed,  for  example,  with  great  ra- 
pidity by  the  nitric  acid  ;  though  it  cannot  exert  a  strong 
disposing  affinity  to  water,  but  very  readily  parts  with  its 
oxygen.  It  is  therefore  still  doubtful,  but  that  the  de- 
composition of  the  acid,  and  its  affording  oxygen,  is  ne- 
cessary to  the  formation  of  ether,  ^ 

Laudet  and  Dabit  published  some  experiments  *  in  op- 
position to  the  theory  of  Vauquelin,  in  which  it  appeared 
ro  be  proved,  that  ether  is  formed  when  alkohol  arid  black 
oxide  of  manganese  are  mixed  and  exposed  to  the  proper 
heat,  a  very  small  quantity  of  sulphuric  acid  (as  an  ounce 
to  a  pound  of  alkohol)  being  added,  merely  to  favour  their 
action  ;  and  that  muriatic  acid  heated  with  alkohol,  gave 
no  ether  ;  while,  if  black  oxide  of  manganese  were  added, 
an  ether  was  formed :  whence  they  inferred,  that  the  com- 
munication of  oxygen  is  necessary  to  the  formation  of 
ether.  In  opposition  to  these,  Fourcroy  and  Vauquelin 
afTirmed,  that  the  liquors  thus  formed  differed  from  ether 
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in  their  constitution  and  properties  *  :  but  admitting  this, 
they  appear  to  approach  to  it ;  and  the  facts  above  stated 
remain  unfavourable  to  the  theory  of  these  chemists. 

Whatever  opinion,  however,  may  be  formed  as  to  the 
manner  in  which  the  changes  that  take  place  during  the 
formation  of  ether  are  produced,  the  nature  of  the  changes 
themselves  seems  sufficiently  virell  ascertained.    It  is  pro- 
ved, that  a  quantity  of  the  hydrogen  of  the  alkohol  is  ex- 
pended in  the  formation  of  water,  as  the  remaining  acid  is 
always  in  a  diluted  state :  a  still  larger  quantity  of  carbcn 
naceous  matter  is  separated,  and  is  diffused  through  the 
Hquor.    The  ether,  therefore,  which  is  the  only  other  pro- 
duct of  the  operation,  is  to  be  considered  as  a  compound 
of  hydrogen  and  carbon,  and  probably  oxygen  ;  differing 
from  alkohol  in  containing  a  larger  quantity  of  hydrogen 
proportioned  to  its  carbon  ;  and  to  this  predominance  of 
hydrogen  its  great  levity  and  volatility  are  owing.  This 
conclusion  is  confirmed,  by  its  analysis  by  combustion, 
the  products  of  which  are  water  and  carbonic  acid  •,  the 
former  being  derived  from  the  combination  of  its  hydro- 
gen with  the  oxygen  of  the  air,  the  latter  from  the  same 
combination  of  its  carbon.    Mr  Cruickshank  found,  that 
the  vapour  of  ether  requires  about  seven  times  its  volume 
of  oxygen  to  saturate  it  in  combustion  ;  the  products  being 
water  and  carbonic  acid  gas,  the  latter  amounting  to  ^.G 
parts  by  measure.    From  this  result,  compared  with  a  si- 
milar experiment  on  alkohol,  he  inferred,  thnt  the  propor- 
tion of  carbon  to  liydrogen  in  the  ether,  is  as  5  to  I  near- 
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ly,  while  in  alkohol  it  is  as  8  or  9  to  1  *.  Saussure  has 
more  lately  endeavoured  to  determine  the  constitution  of 
ether,  from  its  decomposition,  by  passing  it  through  an 
ignited  tube,  and  from  its  detonation  with  oxygen  j  and 
from  these,  and  particularly  from  the  results  of  the  latter 
mode  which  he  regards  as  more  accurate  than  the  other, 
he  infers  that  ether  contains  more  carbon  and  hydrogen, 
but  Jess  Qxygen,  than  alkohol  does.  The  proportions  are 
carbon  59,  oxygen  19,  hydrogen  1^1  f. 

It  remains  to  take  notice  of  the  properties  of  Sulphuric 
Ether. 

When  highly  rectified,  it  is  the  lightest  of  all  known  li- 
quids. It  is  obtained  without  difficulty  of  the  specific  gra- 
vity of  .732,  and  by  careful  distillation  has  been  brought 
so  low  as  .716.  It  is  colourless  and  perfectly  transparent; 
has  a  strong  pungent  taste,  and  a  fragrant  penetrating 
smell. 

It  is  likewise  the  most  volatile  liquid.  It  evaporates  ra- 
pidly even  at  the  common  temperature,  and  under  the  com- 
mon pressure  of  the  atmosphere  j  so  that  it  cannot  be 
poured  from  one  vessel  into  another  without  loss,  and 
any  part  wet  with  it  immediately  becomes  dry.  In  vacuq 
it  boils  at  a  temperature  considerably  below  32° :  under 
the  atmospheric  pressure  it  boils  at  98.  In  the  sponta- 
neous evaporation  of  ether,  a  large  quantity  of  caloric  is 
absorbed,  so  as  to  produce  cold  :  vi'ater  inclosed  in  a  small 
tube  may  be  easily  frozen,  by  ether  -evaporating  from  a 
piece  of  muslin  wrapt  round  the  external  surface  of  the 
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tube  and  Dr  Higgins  has  observed,  that  in  the  rapid  e- 
vaporation  of  ether,  the  temperature  in  frosty  weather  falls 
so  low  as  — 40.    Ether  congeals  at  — 47. 

From  this  volatility  of  ether  it  almost  immediately  en- 
larges the  volume  of  any  elastic  fluid  into  which  it  is  dropt; 
the  volume  at  a  common  natural  temperature  being  dou- 
bled according  to  the  observation  of  Priestley,  who  also 
observed,  that  the  etherial  vapour  in  this  case  could  not  be 
condensed  by  cold,  but  was  absorbed  by  water. 

Ether  is  highly  inflammable,  and,  when  kindled,  burns 
with  a  clear  white  flame,  without  any  smoke,  and  without 
leaving  any  residuum,  the  products  of  its  combustion  be- 
ing water  and  carbonic  acid  :  the  residual  water  general- 
ly gives  indications,  too,  of  sulphuric  acid,  which  may  ei- 
ther be  adventitious,  or  perhaps  is  essential  to  the  consti- 
tution of  this  species  of  ether.  From  its  high  inflamma- 
bility, its  vapour  diff^used  in  the  atmosphere  sometimes 
takes  fire  ;  or  if  a  drop  or  two  of  ether  be  added  to  atmo- 
spheric air  or  oxygen  gas,  an  explosion  happens,  on  the 
contact  of  an  ignited  body.  Mr  Cruickshank  found,  that 
by  agitating  a  little  oxygen  gas  with  sulphuric  ether,  the 
volume  was  exactly  doubled  :  in  this  state,  it  did  not  ex- 
plode ;  but  when  one  part  of  it  was  added  to  three  parts 
of  oxygen,  "  an  ignited  body,  or  the  electric  spark,  then 
produces  a  dreadful  explosion  *."  It  is  also  kindled  by 
hyper-oxymuriatic  acid  gas. 

Sulphuric  ether  is  soluble  in  water,  but  only  in  a  limit- 
ed proportion  ;  the  water  taking  up  about  a  tenth  part  of 
highly  rectified  ether.    When  the  proportion  of  ether  ex- 
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ceeds,  it  holds  on  the  other  hand  a  little  water  dissolved. 
Ether  is  soluble  in  alkohol  in  every  proportion. 

Sulphuric  ether  exerts  no  sensible  action  on  the  fixed 
alkalis  or  earths.    It  unite*  with  ammonia  by  distillation. 

Neither  does  it  act  on  the  metals  ;  but  it  is  capable  of 
decomposing  the  saline  combinations  of  those  that  have 
a  weak  affinity  to  oxygen,  by  attracting  that  principle. 
Thus,  muriate  of  gold  dissolved  in  it  is  gradually  decom- 
posed, and  the  gold  precipitated  In  Its  metallic  form. 

On  the  simple  inflammables,  its  action  is  somewhat  si- 
milar to  that  of  alkohol.  It  dissolves  sulphur,  as  Favre 
has  shown,  one  ounce  of  ether  dissolving  about  twenty- 
five  grains:  the  solution  has  a  strong  sulphurous  smell 
and  taste  :  it  is  less  soluble  in  water  than  pure  ether,  and 
deposites  sulphur  as  the  ether  volatilizes  *.  Ether  likewise 
dissolves  a  small  proportion  of  phosphorus  :  this  solution, 
like  the  phosphuretted  alkohol,  is  decomposed  by  water, 
but  does  not,  like  it,  appear  luminous  during  the  decom- 
position. 

Sulphuric  ether  is  a  solvent  of  many  of  the  vegetable 
proximate  principles,  as  the  essential  oils,  camphor  and 
resins.  It  is  also,  as  has  already  been  remarked,  the  most 
powerful  solvent  of  caoutchouc. 

In  medicine,  it  is  employed  as  a  diffusible  stimulant. 

Nitric  Ether.  The  action  of  nitric  acid  on  alkohol 
is  so  violent,  that  the  formation  of  nitric  ether  is  difEcult, 
and  requires  considerable  precaution.  One  part  of  the 
acid  may  be  added  gradually  to  three  parts  of  alkohol  with- 
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out  any  risk  ;  and  after  standing  for  some  days,  to  allow 
of  their  reciprocal  action,  heat  may  be  applied,  when  a 
portion  of  nitric  ether  that  has  been  formed  distils  over, 
with  a  quantity  of  unchanged  ilkohol.  A  preparation  of 
this  kind  has  been  long  known  in  pharmacy,  under  the 
name  of  Sweet  Spirit  of  Nitre.  But  when  the  proportion 
of  acid  is  increased,  the  action  becomes  violent ;  a  quan- 
tity of  aerial  fluid  is  formed,  and  disengaged  .at  each  ad- 
dition i  and  it  requires  particular  arrangements  to  admit 
of  so  much  acid  being  added  as  is  sufficient  to  convert  the 
whole  of  the  alkohol  into  ether. 

The  method  proposed  by  Navier  is,  to  put  into  a  strong 
carthen-ware  bottle  twelve  parts  of  alkohol,  and  immerse 
it  in  water  or  ice ;  eight  parts  of  nitrous  acid  are  to  be 
added  in  successive  portions,  mixing  them  by  agitation  at 
leach  addition  the  bottle  is  well  corked,  and  tied  over, 
and  is  put  in  a  cool  place.  At  the  end  of  six  days,  the 
cork  is  to  be  perforated,  to  allow  a  quantity  of  aerial  fluid 
that  has  been  formed,  and  is  retained  by  compression,  to 
escape.  The  bottle  is  then  uncorked,  the  liquid  poured 
into  a  funnel,  and  the  acid  liquor  beneath  allowed  to  run 
off  from  the  ether  which  swims  above. 

An  ingenious  method,  similar,  but  less  hazardous,  was 
employed  by  Dr  Black.  He  poured  into  a  strong  flint- 
glass  bottle  six  ounces  of  alkohol ;  then,  by  a  funnel,  the 
tube  of  which  reached  to  the  bottom  of  the  bottle,  he  pour- 
ed in  two  ounces  of  water  gently,  so  that  it  did  not  mix 
with  the  alkohol,  but  raised  it  above  it ;  and,  lastly,  he 
poured  in  four  ounces  of  nitrous  acid  in  the  same  manner, 
so  that  the  small  column  of  water  was  interposed  between 
it  and  the  alkohol.  The  phial  was  set  aside  for  some  time 
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in  a  cool  place :  the  water  attracted  the  alkohol  at  the  one 
surface,  the  acid  at  the  other,  and  thus  brought  them  gra- 
dually together,  so  as  to  admit  of  their  reciprocal  action 
without  violence.  At  the  end  of  a  few  months  nitric 
ether  was  formed,  and  floated  above  the  liquor.  It  is 
withdrawn  and  rectified  by  distillation. 

Various  other  methods  have  been  employed.  The  pro- 
cess of  Woulfe  consists  in  connecting  a  high-necked  tu- 
bulated retort  or  matrass  with  a  large  globular  receiver, 
which  is  connected  by  a  tube  with  a  range  of  tubulated 
bottles,  in  which  water  or  alkohol  is  put ;  eight  ounces  of 
alkohol  are  poured  into  the  retort,  and  six  ounces  of  ni- 
trous acid  are  added  in  successive  portions.  At  each  ad- 
dition, after  a  certain  quantity  of  the  acid  has  been  added, 
there  is  a  disengagement  of  gas.  At  the  end  of  the  oper- 
ation a  quantity  of  nitric  ether  is  found  to  have  been  form- 
ed and  volatilized  by  the  heat  produced  by  the  mutual  ac- 
tion of  the  acid  and  alkohol :  it  is  collected  in  the  globular 
receiver,  or  in  a  bottle  connected  with  it,  is  removed,  and 
may  be  rectified  by  mixing  it  with  water,  and  afterwards 
distilling  it.  The  alkohol  in  the  receivers  contains  a  por- 
tion of  it  also,  and  may  be  employed  in  a  repetition  of  the 
process ;  and  the  residual  liquor  in  the  retort  contains  al- 
so alkohol  impregnated  with  ether.  Woulfe  afterwards 
modified  his  process,  by  using  alkohol,  nitre  and  sulphuric 
3cid,  four  pounds  of  nitre  being  put  into  the  retort,  and  a 
mixture  of  4?  lbs.  of  sulphuric  adid,  and  3  lbs.  5  ounces  of 
alkohol  being  added  to  it,  in  quantities  not  exceeding  two 
ounces  at  a  time,  and  only  after  the  disengagement  of  elas- 
tic fluid  from  the  previous  addition  has  ceased.  Pelietier 
Jias  observed,  that  after  repeating  all  the  processes  known 
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to  him  for  the  preparation  of  nitric  ether,  he  found  this 
to  succeed  best ;  nor  could  he  discover  in  the  product  of 
it  the  most  minute' portion  of  sulphuric  acid  *.  Thenard 
has  employed  a  process  similar  to  the  original  one  of 
Woolfe,  mixing  alkohol  and  nitric  acid  in  a  retort  connect- 
ed with  a  range  of  bottles,  and  passing  the  gaseous  pro- 
duct through  a  saturated  solution  of  muriate  of  soda 
placed  in  the  bottles,  and  kept  cool  by  a  mixture  of  ice 
and  salt.  He  thus  condenses  much  of  the  nitric  ether 
which  in  other  modes  of  conducting  the  process  was  al- 
lowed to  escape,  and  has  therefore  obtained  it  more  pure. 
It  floats  above  the  saline  solution,  is  withdrawn,  and  freed 
from  a  portion  of  free  acid  by  agitation  with  lime. 

The  theory  of  the  formation  of  nitric  ether  is  as  ob- 
scure as  that  of  sulphuric  ether.  It  is  ascertained,  how- 
ever, that  even  from  the  commencement  of  the  process  the 
acid  is  decomposed  j  nitric  oxide  gas  is  disengaged  ;  and 
Pelletier  found  that  in  following  the  process  of  Woolfe, 
the  decomposition  was  complete,  nitric  acid  not  being 
discoverable,  either  in  the  liquor  which  passed  over,  or  in 
the  residuum.  This  appears,  too,  clearly  from  some 
experiments  by  Bayen.  He  ascertained  what  quantity  of 
carbonate  of  potassa  was  necessary  to  saturate  a  certain 
quantity  of  nitric  acid  one  ounce  required  282  grains. 
He  digested  one  part  of  acid  with  two  of  alkohol,  for  five 
weeks,  and  at  the  end  of  this  time  he  found  the  liquor 
was  not  capable  of  saturating  half  the  quantity,  that  the 
acid  previous  to  its  mixture  would  have  done  •,  three 
ounces  of  it  containing  one  ounce  of  acid,  saturating  only 


*  Mtmoires  de  Chimie,  torn.  .i.  p.  99. 
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IS*  grains  of  the  carbonate,  so  that  even  without  the  ap- 
plication of  heat,  much  of  the  acid  had  been  decomposed. 
He  repeated  the  experiment,  applying  heat,  and  after  dis- 
tillation mixed  the  product  and  residual  liquor  together, 
and  found  that  three  ounces  of  it  saturated  only  32  grains. 
And  as  a  quantity  of  oxalic  acid  is  formed  in  the  process, 
it  is  probable  that  it  principally  had  produced  this  effect ; 
so  that  nearly  the  whole  of  the  nitric  acid  had  suffered 
decomposition  *.  It  is  also  proved,  that  in  the  formation 
of  nitric  ether,  the  alkohol  suffers  decomposition,  as  in 
the  residual  liquor  oxalic  and  acetic  acids  are  formed. 
There  is  no  deposition,  however,  of  carbonaceous  mat- 
ter, as  there  is  in  the  formation  of  sulphuric  ether,  the  re- 
sidual liquor  being  transparent,  and  of  a  light  colour. 

The  theory  of  the  formation  of  nitric  ether  has  been  more 
lately  investigated  by  Thenard,  in  his  experimental  re- 
searches on  the  different  ethers  f.  In  its  formation  a  very 
large  quantity  of  elastic  fluid  is  disengaged  ;  this  has  an 
etherial  smell ;  it  is  combustible ;  it  becomes  slightly  red 
when  mixed  with  oxygen  gas  •,  it  precipitates  but  very 
slightly  lime  water  or  barytic  water  ;  it  reddens  strongly 
infusion  of  litmus  ;  and  dissolves  rapidly,  and  almost  en- 
tirely in  water,  leaving  only  a  small  residuum  of  nitrogen 
and  nitric  oxide.  When  passed  through  a  series  of  bot- 
tles cooled  by  a  mixture  of  ice  and  muriate  of  lime,  it  di- 
minishes greatly  in  volume,  and  deposites  a  considerable 
quantity  of  ether.  When  examined  after  this,  it  burns  not 


*  Opuscles  Chimique,  torn.  i.  p.  384?. 
f    (  Memoires  de  la  SocictC  d'Arcueil,  torn.  i. 
1  Nicholson's  Journal,  vol.  xviii. 
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slowly  as  before,  but  the  combustion  extends  quickly 
through  the  whole  mass  ;  when  agitated  after  combus- 
tion with  water,  a  quantity  of  it  is  absorbed,  and  the  re- 
maining quantity  is  found  capable  of  supporting  combus- 
tion. From  these  qualities  Thenard  infers,  that  this  elas- 
tic fluid  consists  of  a  little  nitrogen,  nitric  oxide,  and  car- 
bonic acid  gases  ;  of  larger  proportions  of  ether,  and  ni- 
trous oxide  gas  i  and  of  a  quantity  of  acid  which  these 
gases  hold  dissolved.  This  acid,  by  farther  investigation, 
he  found  to  be  partly  nitrous,  partly  acetic,  but  so  intimate- 
ly combined  with  the  ether,  as  not  to  be  easily  separated 
from  it,  even  by  the  action  of  alkalis.  He  discovered  them 
only  by  dissolving  the  gas  in  alkohol,  and  agitating  the 
solution  with  lime,  and  by  the  same  process  obtained  ni- 
tric ether  pure. 

The  nitric  ether  itself,  which  is  obtained  during  the 
distillation  in  the  liquid  state,  according  to  the  process  al- 
ready described  as  followed  by  this  chemist,  is  always  a- 
cid.  The  acid  consisting  likewise  partly  of  nitric,  partly 
of  acetic  acid,  can  be  abstracted  from  it  by  agitation  with 
lime  ;  but  what  is  singular,  after  this  has  been  done,  so 
that  the  ether  does  not  redden  litmus,  it  recovers  acidity 
either  on  distilling  it,  or  on  merely  keeping  it  for  some 
time  either  with  the  access  or  the  exclusion  of  the  air. 
This  Thenard  found  to  be  owing  to  the  production  both 
of  nitrous  and  acetic  acids  ;  a  proof  that  their  elements 
enter  into  the  composition  of  the  ether  even  in  its  pure 
form. 

By  analysing  nitric  ether,  which  had  been  agitated  with 
lime,  and  which  was  therefore  not  sensibly  acid,  by  pass- 
ing it  through  an  ignited  porcelain  tube,  Thenard  obtain- 
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ed  a  liquid,  which  appeared  to  be  water  with  a  little 
prussic  acid,  carbonic  acid,  a  small  quantity  of  black  car- 
bonaceous matter,  and  a  large  quantity  of  elastic  fluid  : 
this,  it  was  not  easy  to  resolve  into  any  mixture  of  known 
gases,  but  by  analysis  it  was  found  to  consist  of  nitrogen, 
carbon,  oxygen,  and  hydrogen.  From  the  known  com- 
position of  the  whole  products  of  the  decomposition,  The- 
iiard  infers,  that  100  parts  of  nitric  ether  consist  of  16.41 
of  nitrogen,  39.27  of  carbon,  34.73  of  oxygen,  and  9.59 
of  hydrogen  *.  The  residual  liquid  in  the  distillation  of 
the  nitric  acid  and  alkohol,  contains,  he  found,  nitric  a- 
cid,  alkohol,  a  little  acetic  acid,  a  matter  disposed  to  pass 
very  readily  to  the  state  of  charcoal,  and  a  considerable 
quantity  of  water. 

From  a  comparison  of  all  these  facts,  Thenard  gives  the 
following  theory  of  the  formation  of  nitric  ether.  The 
oxygen  of  the  nitric  acid  he  supposes  combines  with  a 
large  proportion  of  the  hydrogen,  and  a  small  quantity  of 
the  carbon  of  the  alkohol,  whence  result,  \st,  Much  water 
and  nitrous  oxide,  and  small  quantities  of  carbonic  acid, 
nitrous  acid,  and  nitric  oxide  \  2d/i/,  The  separation  of  a 
small  quantity  of  nitrogen,  and  the  formation  of  much 
nitric  ether  by  the  combination  in  large  quantity  of  the 
two  elements  of  the  nitric  acid,  with  the  alkohol  from 
which  the  large  proportion  of  hydrogen  and  small  pro- 
portion of  carbon  have  been  abstracted  ;  3t////,  7"'he  for- 
mation of  acetic  acid  and  of  a  matter  disposed  to  pass  t.j 

*  These  proporiions  he  lias  altered  in  a  subspqisent  memoir, 
from  farther  inv-'Stig'ations.  He  states  them  at  l  i'.'l'9  of  nitro- 
gen, 2S.65  of  carbon,  4'8.52  of  oxygen,  and  H.ol  of  hy- 
drogen. 
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the  state  of  charcoal,  by  the  combination,  in  certain 
proportions,  of  the  hydrogen  and  carbon  of  the  alkohol 
with  the  oxygen  of  the  nitric  acid. 

Nitric  ether  has  some  resemblance  in  its  properties  to 
sulphuric  ether.  Like  it,  it  is  light  and  volatile,  and  when 
pure,  has  these  qualities  even  in  a  higher  degree  than  sul- 
phuric ether.  It  is  inflammable,  soluble  in  water  and  in 
alkohol.  Its  odour  is  strong,  though  scarcely  so  agreeable 
as  that  of  sulphuric  ether  ;  in  the  state,  however,  of  what 
has  been  named  Dulcified  Spirit  of  Nitre,  it  is  more  frag- 
rant. Its  colour  is  usually  yellow  but  this,  as  well,  pro- 
bably, as  some  of  its  other  qualities,  appears  to  be  owing 
to  the  presence  of  nitric  acid,  surcharged,  perhaps,  with 
nitric  oxide.  Thus,  when  kept,  it  continues  to  emit  an 
elastic  fluid,  and  tinges  the  cork  of  the  phial  yellow  or 
red  and  Deyeux  found,  that  when  one  part  of  it  is  mix- 
ed with  sixteen  parts  of  water  in  a  bottle  with  a  tube,  the 
nitric  oxide  gas  which  it  contains  is  separated  from  it  by  a 
spontaneous  effervescence  :  after  this  it  ceases  to  emit 
gas  on  keeping. 

Thenard  having  obtained  It  free  from  acid,  and  in  a 
more  concentrated  state  than  that  in  which  it  had  been 
formerly  procured,  was  better  enabled  to  ascertain  its  pro- 
perties. He  found  it  to  be  so  volatile  that  it  instantly 
evaporated  when  poured  out ;  bubbles  of  vapour  rose  from 
the  mass  of  liquid,  when  the  bottle  containing  it  was  held 
in  the  hand  j  and  it  boiled  at  the  temperature  of  70°  under 
a  medium  atmospheric  pressure  ;  its  odour  is  extremely 
strong  and  penetrating ;  it  is  lighter  than  water,  on  the 
surface  of  which  it  floats  like  oil  it  requires  about  50  parts 
of  water  to  dissolve  it,  but  combines  with  alkohol  in  ev.ery 
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proportion.  It  inflames  easily,  and  burns  with  a  white 
flame. 

When  equal  parts  of  nitric  acid  and  alkohol  are  mixed 
together,  a  strong  effervescence  takes  place,  an  J  a  gas  is 
disengaged,  which  is  slowly  absorbed  by  water,  explodes 
when  mixed  with  oxygen  and  kindled,  and  is  decomposed 
by  sulphuric,  nitric,  and  muriatic  acids,  which  disengage 
from  it  nitric  oxide  gas.  It  has  been  named  Nitrous  E- 
therized  Gas  by  the  Dutch  chemists,  who  first  took  notice 
of  it,  and  was  regarded  by  them  as  a  compound  of  nitric 
ether  and  nitric  oxide  gas.  Thenard  regards  it,  as  has  been 
already  stated,  as  a  mixture  of  elastic  fluids  j  and  supposes 
that  the  greater  part  of  the  nitric  oxide  it  aflbrds  when  de- 
composed, arises  from  the  decomposition  of  the  nitric 
ether  it  contains. 

Muriatic  Ether.  Chemists  found  it  impracticable 
to  form  an  ether  by  the  action  of  muriatic  acid  on  alkohol, 
in  whatever  state  of  concentration  they  used  it.  By  using, 
however,  the  acid  in  a  state  of  combination  with  met^rllic 
oxides,  they  succeeded  more  or  less  completely  in  form- 
ing a  species  of  muriatic  ether,  as  by  the  medium  of  the 
muriate  of  antimony,  tin,  or  zinc,  distilled  with  alkohol. 
After  the  discovery  of  oxymuriatic  acid,  Scheele  availed 
himself  of  it  to  attempt  the  formation  of  muriatic  ether, 
by  distilling  muriatic  acid  from  black  oxide  of  manganese, 
receiving  the  gas  in  alkohol,  and  afterwards  rectifying  this 
liquid  by  distillation  with  a  very  gentle  heat. 

The  success  of  this  process,  however,  Scheele  found  to 
be  imperfect ;  and  the  product  approached  rather  to  an  oil 
in  appearance  tlian  a  light  ether.    And  Berthgllet  found. 
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that  though,  by  passing  a  current  of  oxymuriatic  acid  gas 
through  alkohol,  it  was  absorbed  and  passed  tj  the  state 
of  muriatic  acid,  while  the  alkohol  acquired  an  odour  of 
ether,  which  became  stronger  on  a  repetition  of  the  pro- 
cess ;  yet,  on  repeating  it  a  third  and  fourth  time,  this  o- 
dour  diminished,  and  at  length  was  nearly  entirely  lost, 
the  liquor  having  rather  the  smell  of  vinegar ;  and  on  dis- 
tilling it,  after  a  small  quantity  of  etherial  liquor  passed 
over,  there  was  obtained  only  a  watery  liquor,  which  had 
the  odour  of  burnt  sugar ;  the  residuum  had  the  same 
odour,  and  even  the  taste  of  this  substance  very  strong, 
and  contained  a  quantity  of  acetic  acid  *. 

Scheele  had  also  distilled  muriate  of  soda,  black  oxide 
t)f  manganese,  sulphuric  acid,  and  alkohol,  to  produce 
muriatic  ether  •,  and  a  similar  process  was  afterwards  em- 
ployed by  Pelletier  f  ;  but  the  success  of  it  does  not  ap- 
pear to  have  been  greater.  Pelletier  had  observed,  that  in 
adding  an  alkali  to  the  etherial  liquor  obtained  by  his  pro- 
cess, an  effervescence  takes  place,  and  an  oily  matter  se- 
parates in  large  quantity,  which  floats  on  the  residual  li- 
quor. According  to  Van  Mons,  this  oil  is  produced  by 
the  action  of  the  oxymuriatic  acid  on  the  muriatic  ether ; 
and  from  this  circumstance,  it  is  scarcely  possible,  he  af- 
firms, by  the  process  of  Scheele  and  Pelletier,  to  obtain 
that  ether  in  any  quantity.  It  at  first  floats  on  the  surface 
of  the  water  ;  but,  if  not  soon  separated,  or  when  sub- 
mitted to  rectification,  it  is  converted  into  this  oil,  which 
gradually  becomes  thick,  from  the  continued  action  of  the 


*  Memoires  de  TAcad.  des  Sciences,  17S5,  p.  309. 
-f-  Memoires  de  Chimie,  torn.  i.  p.  ]42. 
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acid.  And  when  ether  appears  to  have  been  formed  by 
the  process  of  Pelletier,  he  supposes  that  it  has  been  sul- 
phuric ether,  disguised  by  intermixture  of  the  other  pro- 
ducts. He  therefore  proposed  the  following  process  to 
form  muriatic  ether  :  Place  a  retort  in  a  sand-bath,  and 
connect  it  with  a  glass  balloon,  and  two  of  Woolfe's  bot- 
tles :  put  into  the  retort  100  parts  of  muriate  of  soda  per- 
fectly dry,  and  into  the  balloon  and  bottles  the  same  quan- 
tity of  alkohol.  The  joinings  being  luted,  50  parts  of  sul- 
phuric acid  are  to  be  poured  on  the  salt,  and  the  operation 
is  left  to  proceed  in  the  cold  for  five  or  six  hours.  A  mo- 
derate heat  is  then  to  be  gradually  applied.  The  muriatic 
acid  gas  passes  over,  and  is  condensed  by  the  alkohol. 
The  whole  of  this  liquor  is  put  into  a  retort,  with  20  parts 
of  oxide  of  manganese  in  fine  powder ;  and  there  is  put 
into  the  receiver  and  bottles  a  solution  of  pure  potassa.  It 
is  distilled  with  a  gentle  heat ;  the  muriatic  ether  passes 
over,  and  the  re-action  of  any  excess  of  oxymuriatic  acid 
gas  upon  it,  which  would  change  it  to  oil,  is  prevented  by 
the  alkali.  The  ether  is  rectified,  by  mixing  it  with  twice 
its  bulk  of  water,  and  distilling  it  by  a  gentle  heat  *. 

Mr  Boss  likewise  observed,  that,  by  the  usual  process 
with  oxymuriatic  acid,  a  muriatic  ether  could  never  be  for- 
med, but  only  a  heavy  oily  fluid  :  And  he  affirmed,  what 
now  appears  to  be  the  case,  that  it  may  be  formed  from 
muriatic  acid.  His  process  is  to  pass  a  current  of  muria- 
tic acid  gas  from  20  ounces  of  perfectly  dry  muriate  of 
soda,  and  10  ounces  of  sulphuric  acid,  gradually  mixed, 
in  a  retort,  through  10  ounces  of  highly  rectified  alkohol. 


*  Philosophical  Magazine,  vol.  vii.  p.  48. 
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placed  in  ;i  bottle  with  two  necks,  kept  cool.  The  alko- 
hol  thus  charged  with  acid  is  dlstiiied  to  one  half ;  the  dis- 
tilled liquor  is  to  be  agitated  with  an  alkaline  solution,  to 
reaiove  any  superfluous  acid  :  and  the  liquid  which  floats 
above  is  the  muriatic  ether  *. 

This  subject  has  been  more  lately  investigated  by  The- 
nard,  and  with  more  success  f.  He  has  proved,  that  a 
muriatic  ether  can  be  formed,  and  this  from  the  action  of 
muriatic  acid  alone  on  alkohol  \  and  he  has  pointed  oat 
the  causes  of  the  want  of  success  in  the  attempts  hitherto 
made.  When  the  muriatic  acid  and  the  alkohol  are  pre- 
sented to  each  other  in  the  elastic  form,  their  elasticity 
is  an  obstacle  to  their  mutual  intimate  action.  When  they 
are  mixed  together  in  the  liquid  state,  if  a  strong  heat  is 
applied  to  promote  their  reciprocal  action,  the  rarefaction 
which  they  suffer  opposes  the  new  combinations  that 
would  otherwise  be  established  ;  and,  on  the  contrary,  if 
only  a  low  degree  of  heat  is  applied,  they  remain  mixed 
without  forming  ether.  It  is  only  by  preserving  a  due 
medium  between  these  that  the  operation  succeeds.  Last- 
ly, the  proper  muriatic  ether  exists,  except  at  low  tempe- 
ratures, in  the  gaseous  state  ;  and  hence,  even  when  it 
was  produced  in  former  processes,,  the  greater  part  of  it 
was  lost,  without  the  loss  being  perceived.  The  following 
is  the  process  and  mode  of  operation  which  Thenard  gives. 

There  are  put  into  a  retort,  of  a  capacity  not  greater 
than  what  holds  the  mixtui-  in  the  body  of  it,  equal  parts 


*  Nichcl&oii'a  Journal,  vol.  v.  p.  221. 
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by  measure  of  muriatic  acid  and  alkohol,  each  in  the  high- 
est possible  state  of  concentration  :  they  are  to  be  wel.t 
mixed  by  agitation,  and  a  few  grains  of  sand  are  to  be 
put  in,  to  prevent  the  sudden  ebuUitions  that  might  hap- 
pen in  the  course  of  the  process.  The  retort  is  to  be  ex- 
posed to  the  naked  fire  of  a  common  furnace,  supported 
on  a  grate  of  iron  wire,  there  being  adapted  to  it  a  Wel- 
ther's  tube  of  safety,  terminating  in  a  three-necked  bottle, 
the  capacity  of  which  is  double  that  of  the  retort,  and 
which  is  half  filled  with  water.  The  safety  tube  is  to  be 
immersed  in  the  water  2h  or  3  inches  ;  a  straight  tube  is 
inserted  in  the  middle  orifice  of  the  bottle,  and  a  curved 
tube  proceeds  from  the  other,  which  terminates  under  an 
inverted  phial  filled  with  water.  The  heat  is  to  applied 
to  the  retort  gradually,  and  in  20  minutes  the  liquor  is 
brought  to  boil.  Muriatic  ether  gas  is  now  abundantly 
formed  j  and  there  escape,  at  the  same  time,  acid,  alko- 
hol, and  water,  which  remain  in  the  first  bottle.  If  the 
production  of  gas  cease,  more  may  be  obtaiped  by  adding 
fresh  alkohol.  The  whole  success  of  the  operation  de- 
pends nearly  on  the  due  regulation  of  the  heat,  as,  if  it 
is  either  too  high,  or  too  low,  little  ether  is  formed. 

Muriatic  ether,  thus  obtained  in  the  state  of  gas,  is  co- 
lourless ;  its  odour  is  strongly  etherial,  and  its  taste  sen- 
sibly saccharine.  It  produces  no  change  on  infusion  of 
litmus,  syrup  of  violets,  or  lime  water.  Its  specific  gra- 
vity, compared  with  that  of  atmospheric  air,  is  2.219,  un- 
der a  mean  pressure,  and  at  63''  of  Fahrenheit.  Under* 
this  pressure  and  temperature,  water  dissolves  its  own  vo- 
lume of  it.  Under  the  same  pressure,  but  at  a  tempera- 
ture of  50,  the  gas  becomes  liquid,  and  is  obtained  in  thai 
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state  ill  the  process  for  forming  it,  by  causing  It  to  pass 
through  long  narrow  vessels,  dry,  and  surrounded  with 
iee. 

Liquid  muriatic  ether  is  highly  limpid  5  it  is  colourless, 
has  no  action  on  litmus  infusion,  or  syrup  of  violets  ;  its 
©dour  is  strong,  and  its  taste  very  similar  to  that  of  su- 
gar. Poured  on  the  hand,  it  passes  into  ebullition,  pro- 
ducing a  considerable  degree  of  cold.  Its  specific  gravi- 
ty is  to  that  of  water,  at  the  temperature  of  39*^  of  Fah- 
renheit, as  874-  to  1000  ;  it.  presents  therefore  the  singu- 
larity, that,  though  much  more  volatile  than  alkohol,  or 
even  than  sulphuric  ether,  it  is  heavier  than  either.  It 
does  not  congeal  at  a  temperature  of  — 22°  of  Fahren- 
heit. 

Some  very  singular  facts  are  presented  in  the  chemical 
constitution  of  this  ether.  No  muriatic  acid  can  be  de- 
tected in  it  it  does  not  redden  litmus  ;  the  alkalis  have 
no  action  on  it  ;  and  the  solution  of  silver  is  not  render- 
ed turbid  by  it.  But  when  it  is  kindled,  such  a  quantity 
of  muriatic  acid  is  produced  or  set  free,  as  to  be  apparent 
by  its  fumes  and  sufi'ocating  odour,  and  to  precipitate  a 
strong  solution  of  nitrate  of  silver  in  a  solid  mass. 

Thenard  found,  however,  in  subsequent  researclies, 
that  though  muriatic  acid  is  not  immediately  discovered 
in  this  ether  by  the  above  tests,  yet,  if  time  be  allowed, 
it  appears.  The  alkalis,  or  the  nitrate  of  silver,  after 
some  days  mixture  with  it,  are  found  to  have  attracted  a 
small  portion  of  the  acid,  and  still  more  after  an  interval 
of  two  or  three  rnonths  •,  though  even  at  the  end  of  that 
period  the  quantity  indicated  is  very  inconsiderable.  The 
acids  in  the  cold  produce  no  change  in  this  ether  j  but  if, 
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in  the  state  of  gas,  it  be  passed  through  sulphuric  or  nit- 
ric acid,  nearly  at  a  boiling  heat,  it  is  decomposed,  and 
much  muriatic  acid  is  set  free.  Even  at  a  low  tempera- 
ture, oxymuriatic  acid  decomposes  it,  and  separates  mu- 
riatic acid. 

From  the  quantity  of  acid  which  disappeared  in  the 
iormation  of  a  given  quantity  of  muriatic  ether,  Thenard 
endeavoured  to  determine  what  proportion  of  this  acid, 
either  fully  formed,  or  in  the  state  of  its  elements,  exist 
in  it ;  and  he  found  it  to  be  nearly  29  in  100  parts  by 
weight.  He  also  endeavoured  to  determine  the  propor- 
tions of  the  other  elements  of  the  ether,  from  the  pro- 
ducts of  its  combustion.  From  these  experiments  he  in- 
ferred, that  in  1 4 1.72  of  muriatic  ether  by  weight,  there 
are  present  41.72  muriatic  acid,  51.89  carbon,  33.03 
o:cygen,  and  15.08  hydrogen. 

The  theory  of  its  formation  it  is  not  easy  to  state  with 
precision.    There  is  no  precipitation,  during  the  process, 
of  carbonaceous  matter,  and  therefore  all,  or  at  least  by 
far  the  greater  part  of  the  carbon  of  the  alkoliol  must  en- 
ter into  its  composition  j  and  Thenard  found  it  difficult 
to  determine,  whether  there  is  any  formation  of  water, 
since  the  quantity  of  water  in  the  residual  liquor  might  be 
the  quantity  contained  in  the  alkohol ;  and  of  course  it 
cannot  be  determined,  whether  all  the  hydrogen  and  oxy- 
gon of  the  alkohol  enter  into  the  composition  of  this  ether. 
But  the  most  interesting  question  relates  to  the  state  of 
the  acid.     Does  it  exist  as  such  in  the  ether,  and  is  it 
merely  separated  from  combination  with  the  other  princi- 
plct;,  in  the  combustion,  or  in  the  cases  of  decomposition, 
.11  which  portions  of  it  are  obtained  ?  Or  do  the  elements 
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of,  the  acid  rather  enter  into  the  composition,  and,  of 
course,  when  the  ether  is  burnt,  or  otherv/ise  decomposed, 
is  the  acid  reproduced  ?  These  questions  Thenard  endea- 
voured to  solve.  He  decomposed  the  gas,  by  transmitting 
it  through  an  ignited  tube ;  and  he  obtained,  as  nearly  as 
could  be  expected,  all  the  acid  vv^hjch  had  gone  to  the 
formation  of  the  quantity  of  gas  decomposed.  It  follows, 
therefore,  that  it  is  not  merely  the  base  of  the  acid  that 
exists  in  the  composition  of  the  acid,  but  all  its  elements ; 
but  whether  these  are  in  simultaneous  combination  with 
the  other  elements  of  the  ether,  or  whether  they  exist  in 
it  as  muriatic  acid,  is  difficult  to  determine.  The  former 
.supposition  Thenard  regards  as  more  probable,  principal- 
ly from  the  consideration,  that  if  the  acid  be  supposed  to 
exist  fully  formed  in  the  ether,  it  must  be  concluded, 
what  is  highly  improbable,  that  alkohol,  or  the  elements 
of  alkohol,  act  on  muriatic  acid  with  much  more  energy 
than  even  the  alkalis  can,  since  these  decompose  it  and 
attract  acid  from  it  so  slowly  and  partially  ;  and  also  from 
the  improbability  of  the  conclusion,  involved  in  the  same 
hypothesis,  that  nitrate  of  silver,  which  abstracts  muriatic 
acid  from  all  its  combinations,  should  not  separate  it  from 
this  ether,  or  separate  a  small  part  only  after  a  long  time. 
On  the  supposition  that  the  elements  only  of  the  acid  are 
immediate  constituent  principles  of  the  ether,  these  im- 
probabilities are  avoided  ;  and  the  small  portion  of  acid 
found  to  be  after  some  time  attracted  by  the  alkalis,  as 
well  as  that  set  free  by  the  other  acids  at  a  high  temper- 
ature, may  on  this  hypothesis  be  supposed  to  be  repro- 
duced. 

Thenard  examined  the  processes  which  had  been  for- 
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merly  employed  to  fo'  tr  muriatic  ether,  particularly  those 
in  which  the  oxygeniz  d  metallic  muriates  are  made  to 
act  on  alkohol,  or  in  which  the  oxymuriatic  acid  itself  is 
employed.  With  the  former  substances,  particularly  with 
the  muriate  of  tin,  with  which  he  made  the  experiment, 
he  found,  that  only  a  small  quantity  of  ether  is  formed. 
This  distils,  and  is  condensed  with  alkohol,  and  a  portion 
of  the  metallic  muriate.  It  is  formed,  he  supposes,  by 
the  action  of  the  excess  of  acid  in  the  metallic  muriate. 
With  regard  to  the  action  of  oxymuriatic  acid  on  alkohol, 
Thenard  found,  that  no  ether  was  formed ;  there  was  on- 
ly the  production  of  the  oily  like  matter  observed  by 
Scheele,  partly  pure,  and  in  part  dissolved  by  alkohol. 
The  production  of  this  is  accoi"r\panied  with  the  formation 
of  water  and  carbonic  acid,  and  the  separation  of  a  little 
carbonaceous  matter.  The  oily  matter  formed  in  this 
process  is  white,  has  a  cool  penetrating  taste,  and  a  very 
peculiar  odour,  not  etherial  ;  it  is  heavier  than  water,  and 
more  soluble  ;  it  is  soluble  in  water  in  small  proportion, 
and  is  abundantly  soluble  in  alkohol. 

It  appears  from  these  researches,  that  muriatic  ether 
Jiad  not  been  before  known  to  chemists,  and  that  what 
had  been  regarded  as  such  was  an  impure  product,  either 
a  mixture  of  a  little  muriatic  ether  with  alkohol  and  acid, 
or  a  solution  more  or  less  pure  in  alkohol,  of  the  peculiar 
oily  substance  formed  by  the  action  of  oxymuriatic  acid  on 
alkohol.  Thenard  has  added,  however,  what  came  to  his 
knowledge  after  his  memoir  had  been  read, — that  Gehlen 
had  formed  muriatic  ether,  by  distilling  a  mixture  of  con- 
centrated muriate  of  tin  and  alkoljoi  j  and  also  by  dis- 
tilling a  mixture  of  muriate  of  soda,  alkohol  and  sulphuric 
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acid.  This  chemist  had  even  described  the  principal  pro- 
perties of  muriatic  ether,  but  without  having  investigated 
its  constitution. 

A  process  has  been  given  by  Boudet  for  the  preparation 
of  Phosphoric  Ether.  He  mixed  liquid  phosphoric  acid 
of  a  thick  consistence  and  alkohol  in  equal  proportions, 
in  a  tubulated  retort  connected  with  a  receiver,  and  with 
an  Woolfe's  bottle  filled  two-thirds  with  lime-water  : 
heat  was  applied,  so  as  to  cause  the  mixture  to  boil ;  a 
portion  of  unchanged  alkohol  first  distilled  over ;  this  was 
succeeded  by  a  hquor  having  an  etherial  odour,  mixed  a 
little  with  that  of  garlic  :  it  reddened  slightly  the  syrup 
of  violets  :  when  rectified  by  distillation,  with  the  addi- 
tion of  carbonate  of  magnesia,  the  product  was  colourless, 
and  had  an  odour  similar  to  that  of  sulphuric  ether  :  it 
was  volatile,  and  highly  inflammable,  its  combustion  not 
being  accompanied  with  any  smoke.  It  floated  on  the 
surface  of  water,  but,  by  agitation  with  it,  was  dissolved. 
It  dissolved  the  volatile  oils,  and  also  phosphorus.  Its 
specific  gravity  was  inferior  to  that  of  alkohol,  being  as 
94  to  100.  After  its  production,  when  the  heat  was 
much  raised,  a  quantity  of  oily  matter  was  distilled  over,, 
and  carburetted  hydrogen  was  disengaged.  The  residual 
liquor  was  of  a  dark  brown  colour,  and  contained  a  large 
quantity  of  phosphoric  acid  *. 

Another  process  has  since  been  described  by  Boullay  f . 
It  consists  in  dropping,  by  means  of  an  apparatus  adapted 
to  the  purpose,  alkohol,  on  an  equal  weight  of  pure  phos- 

*  Annales  de  Chimie,  torn.  xl.  p.  123. 
\  Nicholson's  Journal,  8vo,  vol.  xviii!  p.  63. 
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phorlc  acid  of  the  consistence  of  honey,  and  previously 
heated  to  246  of  Fahrenheit.  The  mixture  takes  place 
with  violence  and  ebullition,  and  assumes  a  black  colour. 
A  receiver  being  connected  with  the  retort,  which  is  kept 
cold  by  a  mixture  of  ice  and  salt,  distillation  is  performed, 
Alkohol  passed  over,  with  a  considerable  quantity  of  an 
etherial  fluid,  a  portion  of  water,  an  oily  like  fluid,  and  a 
liquid  of  an  extremely  foetid  smell,  which  reddened  litmus 
from  the  presence  of  acetic  acid.  The  two  first  products 
being  collected,  were  rectified  by  distillation  from  dried 
muriate  of  lime.  A  liquid  was  thus  procured,  which  in 
smell  and  taste  had  the  greatest  resemblance  to  sulphuric 
ether,  was  of  the  same  specific  gravity,  dissolved  in  8  or 
,  10  parts  of  water,  evaporated  quickly,  boiled  at  100^,  and 
burned  with  a  whitish  flame,  leaving  a  carbonaceous  re-» 
siduum  without  any  trace  of  acid. 

Fluoric  Ether  has  been  said  to  be  formed  by  put- 
ting fluate  of  lime,  previously  ignited  and  in  powder, 
into  a  retort,  with  equal  weights  of  alkohol  and  sulphuric 
acid,  and  distilling  to  dryness.  The  product  of  this  distil- 
lation was  again  distilled  to  one  half,  and  a  portion  of  fluor- 
ic acid  abstracted  from  it  by  a  solution  of  potassa,  which, 
at  the  same  time,  precipitated  a  portion  of  silex,  so  as  to 
render  the  whole  gelatinous.  This,  on  being  again  dis- 
tilled, afforded  an  ether  of  the  specific  gravity  of  0.720, 
which  burnt  with  a  blue  flame,  and  had  a  bitter  taste.  It 
is  added,  that  it  greatly  resembled  sulphuric  ether;  and  it 
is  not  improbable,  that  it  may  have  been  merely  this  ether 
disguised  *. 


*  Nicholson's  Jousnal,  vol.  viii.  p,  143. 


4j5  of  acetic  ether. 

Acetic  Ether  has  been  known  for  a  considerable 
time  to  chemists,  Lauragais  having  given  in  1759  the  pro- 
cess for  preparing  it,  by  distilling  alkohol,  with  the  con- 
centrated acetic  acid  that  is  procured  by  the  decomposition 
of  acetate  of  copper  by  heat.  Scheele,  and  some  chemists 
affirm,  that  it  cannot  be  formed  without  the  intervention 
of  a  mineral  acid ;  but  PcUetier  has  observed,  that  it  is 
procured  with  certainty,  by  distilling  alkohol  repeatedly 
from  the  a-cetic  acid.  The  alkohol  at  fust  acquires  an 
etherial  odour,  but  is  miscible  with  water ;  by  returning 
it  on  the  residual  liquor,  distilling  it,  and  repeating  this 
for  a  third  time,  this  becomes  stronger :  the  acid  contain- 
ed in  the  liquor  thus  procured  is  saturated  by  the  addition 
of  carbonate  of  potassa ;  and,  by  distillation,  there  was 
procured  from  it  a  pure  acetic  ether,  in  quatitity  about 
half  of  the  alkohol  employed  *.  Henry  has  more  lately 
proved,  that  this  process  succeeds  perfectly  f,  and  Thenard 
has  obtained  by  it  an  acetic  Ether. 

According  to  Pelletier,  acetic  acid  may  likewise  be 
formed  by  distillation,  from  a  mixture  of  sulphuric  acid| 
acetate  of  copper,  and  alkohol ;  and  Henry  has  stated, 
J:hat  the  ether  thus  produced  is  the  same  as  that  obtained 
by  the  preceding  process.  According  to  Laplanche,  it  may 
also  be  obtained  from  a  mixture  of  sulphuric  acid,  alkohol, 
and  acetate  of  lead. 

In  the  formation  of  acetic  ether  by  the  first  process, 
Thenard  found,  that,  if  the  distillation  of  the  two  intrre- 
dients  be  repeated  twelve  times,  nearly  the  whole  of  the 


*  Memoires  de  Chimie,  torn.  i.  p.  237, 
]■  Nicholson's  Journal,  vol.  xvii.  p,  21 9» 
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ilkohol  is  converted  into  ether,  and  a  great  part  of  the  ace- 
tic acid  is  decomposed.  He  concludes,  that  acetic  ether 
consists  of  all  the  principles  of  the  acetic  acid,  united  with 
those  of  the  alkohol,  without  the  formation  of  any  other 
compound  *. 

Acetic  ether  has  an  agreeable  odour,  etherial,  but  in 
which  the  smell  of  acetic  acid  is  also  perceptible ;  its  taste 
is  very  peculiar;  its  specific  gravity  is  866.  It  evaporates 
when  exposed  to  the  air,  and  boils  at  128".  It  burns  with 
a  yellowish  white  flame,  and  acetic  acid  appears  during 
the  combustion  ;  yet  no  acidity  can  be  discovered  by  the 
infusion  of  litmus  in  the  ether  itself.  It  is  soluble  in  wa- 
ter, requiring  about  7^  times  its  weight  of  water  for  its  so- 
lution. In  this  aqueous  solution  no  acid  is  developed ; 
but  if  an  alkali  be  added,  the  odour  and  taste  of  the  ether 
disappear,  and  the  alkali  is  saturated  j  after  this,  if  it  be 
subjected  to  distillation,  alkohol  much  diluted  with  water 
is  obtained  ;  a  presumptive  proof  of  the  theory  of  the  con- 
stitution of  this  ether  given  by  Thenard. 


To  the  vinous  fermentation  probably  belongs  that  kind 
of  fermentation  which  takes  place  in  the  raising  of  bread. 
A  small  quantity  of  yeast  is  mixed  with  the  flour  or, 
without  this  addition,  a  quantity  of  the  flour  of  wheat  is 
mixed  with  hot  water,  allowed  to  stand  for  a  day  or  two, 
and  is  then  used  as  a  ferment.  A  portion  of  it,  or  of  the 
yeast,  is  mixed  with  flower  into  a  soft  paste,  and  is  kept  in 
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a  warm  place  :  it  swells  up,  becomes  spongy,  from  the  ex- 
trication of  a  quantity  of  air,  and,  were  the  fermentation 
allowed  to  continue,  would  become  sour.  A  small  quan- 
tity of  this  leaven,  as  it  is  named,  is  mixed  with  the  dough 
from  which  the  bread  is  to  be  baked  :  a  degree  of  fer- 
mentation is  thus  excited,  and  the  gas  extricated  raises  the 
^  dough.  It  is  soon  checked  by  the  baking ;  but  its  effects 
remain,  and  give  rise  to  the  sponginess,  porosity,  and  con- 
sequent lightness  of  well-baked  bread.  The  bread  fer- 
mented with  yeast  is  less  liable  to  become  sour  than  where 
the  ferment  from  flour  merely  is  used.  The  presence  of 
the  gluten  in  the  flour  of  grain,  no  doubt  favours  the  fer- 
mentation. 

Though  some  chemists  have  considered  this  as  a  pecu- 
liar species  of  fermentation,  there  can  be  no  doubt,  that  it 
is  analogous  to  the  vinous.  Dr  Pennington  had  denied 
this,  from  finding,  that,  on  submitting  dough  to  the  ac- 
tio«  of  yeast  for  three  quarters  of  an  hour,  and  then  sub- 
jecting it  to  distillation,  it  gave  merely  water,  without  any 
spirit.  But,  as  Mr  Collier  justly  remarked,  this  can  only 
prove,  that  a  complete  fermentation  is  not  necessary  to 
raise  bread.  It  may  proceed  so  far  as  to  produce  that  ef- 
fect, by  the  extrication  of  carbonic  acid,  and  yet  not  fully 
convert  any  of  the  fecula  into  alkohol.  And  Mr  Col- 
Her  found,  that,  on  subjecting  wort  for  the  same  length 
of  time  to  the  action  of  yeast,  though  it  exhibited  every 
sign  of  fermentation,  it  gave  no  spirit  by  distillation  *. 

That  it  is  the  vinous  fermentation  which  happens  in  the 
raising  of  bread  from  the  action  of  the  ferment  on  the 


*  Manchester  Memoirs,  vol.  v.  p.  2.>5. 
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flour,  is  also  proved  by  the  fact,  that,  if  not  checked,  it 
soon  runs  into  the  next  stage  of  fermentation,  the  acetous, 
as  is  evident  from  the  bread  becoming  sour,  and  from  its 
peculiar  smell  in  this  state. 


SECT.  11. 

OF  THE  ACETOUS  I-EUMENTATIO:??. 

If  liquors  which  have  undergone  the  vinous  fermenta- 
tion be  kept  at  a  temperature  not  much  belovi^  60°,  and 
with  the  air  not  entirely  excluded,  they  gradually  suffer 
another  change  :  they  lose  their  vinous  flavour,  pungency, 
and  intoxicating  quality,  and  become  more  or  less  sour. 
Chemists  have  considered  this  as  a  second  stage  in  the  ge- 
neral process  of  fermentation  i  have  named  it  the  Ace- 
tous   and  the  product  forms  Vinegar  or  Acetic  acid. 

Not  only  do  vinous  liquors  suffer  this  change,  but  every 
substance  susceptible  of  the  vinous  can  likewise  pass  into 
the  acetous  fermentation.  Hence,  sugar  dissolved  in  wa- 
ter, sweet  vegetable  juices,  or  infusions  of  grains  that  have 
been  malted,  can  be  converted  into  vinegar.  Fecula,  even 
without  the  previous  process  of  malting,  is  equally  sus- 
ceptible of  it ;  for,  in  the  process  of  starch-making,  a 
quantity  of  vinegar  is  formed,  not  merely  from  the  small 
portion  of  sac(;harine  matter  in  the  grain,  but  likewise,  as 
Vauquelin,  in  his  analysis  of  the  sour  liquors  of  the 
Starch-makers,  has  remarked,  from  the  fecula  itself  *. 


*  Anuales  de  Chimie,  torn,  xxxviii.  p.  261. 
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Even  substances  which  are  not  susceptible  of  the  vinous 
fermentation,  it  appears  to  bs  established,  may  suffer  the 
acetous.  This  is  indeed  contrary  to  an  opinion  formerly 
maintained,  which  regarded  the  acetous  merely  as  a  con- 
tinuance of  the  vinous  fermentation,  and  as  necessarily 
preceded  by  it.  But  it  often  happens  where  the  former 
cannot  be  traced,  and  where  there  is  no  reason  to  suppose 
that  it  ever  did  exist,  as  in  vegetable  juices  or  infusions 
containing  much  mucilaginous  with  scarcely  any  saccha- 
rine matter,  and  the  sourness  which  even  pure  mucilage, 
or  a  solution  of  gum,  in  water  suffers,  is  probably  owing 
chiefly  to  the  production  of  acetous  acid. 

Nor  is  pure  alkohol,  in  any  state  of  dilution  with  wa- 
ter, capable  of  undergoing  the  acetous  fermentation  :  there 
must  always  be  present  other  vegetable  principles,  as  su- 
gar, mucilage  or  farinaceous  matter.  Even  a  certain  pro- 
portion of  these  is  requisite.  Hence  strong  wines  do  not 
become  so  readily  sour  as  weak  or  sweet  wines  j  for  the 
same  reason  wine  that  has  been  clarified  is  less  liable  to 
ferment  j  and  strong  wines  can  be  made  to  pass  into  the 
acetous  fermentation  more  easily,  by  adding  to  them  su- 
gar or  mucilage  }  and  when  these  highly  spirituous  wines 
are  thus  made  to  ferment,  they  furnish  a  much  stronger 
vinegar  than  those  which  are  weak^  Even  the  vegetable 
acids  appear  to  contribute  to  it,  and  in  the  conversion  of 
sweet  vegetable  juices  or  of  wine  into  vinegar,  there  is  rea- 
son to  believe  that  the  malic  and  tartaric  acids  thev  con- 
Tnin  are  partly  changed  and  pass  into  the  acetic  acid. 

The  addition  of  some  substances  which  act  as  ferments, 
appears  also  to  be  requisite.  It  Is  true,  that  wine  and 
otlier  fermented  liquors  will  of  themselves-  become  sour 
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in  a  certain  time  ;  but  this  is  probably  from  their  contain- 
ing a  portion  of  matter  analogous  to  ferments,  and  which 
excites  the  change.  In  preparing  vinegar,  it  is  known  that 
a  certain  quantity  of  such  matter  must  be  added,  either  a 
portion  of  the  substance  which  has  been  deposited  from 
a  liquor  that  has  previously  passed  into  vinegar,  or  a  quan- 
tity of  yeast  and  there  is  every  reason  to  believe,  that  it 
is  vegetable  gluten  which  is  the  essential  principle  of  these 
ferments.  Fourcroy  and  Vauquelin  accordingly  found, 
that  when  sugar  was  added  to  water  which  had  stood  o\(m: 
the  gluten  of  wheat,  it  quickly  formed  vinegar  ;  and  Ber- 
thollet  obtained  the  same  result  from  a  mixture  of  gluten 
and  starch  *.  This  principle,  Vauquelin  remarks,  contri- 
butes to  the  formation  of  vinegar  in  the  hquor  formed  in 
the  manufacture  of  starch ;  and  the  matter  which  is  con- 
tained in  common  vinegar  from  malted  grain,  and  which 
renders  it  so  liable  to  a  kind  of  putrefaction,  is,  according 
to  this  chemist,  vegetable  gluten. 

The  admission  of  the  atmospheric  air  is  essential  to  the 
acetous  fermentation.  Hence  wines  that  are  well  bot- 
tled may  be  kept  for  a  long  time  uninjured,  and  the  more 
free  the  exposure  to  the  air  is  they  become  sooner  sour. 
The  oxygen  of  the  air  is  at  the  same  time  always  absorb- 
ed. According  to  Saussure,  this  oxygen  is  not  absorbed 
so  as  to  enter  into  the  composition  of  the  acid,  but  is  ex- 
pended entirely  in  abstracting  carbon,  and  of  course  form- 
ing carbonic  acid.  In  keeping  wine  in  contact  with  oxy- 
gen gas  for  a  year  in  receivers  closed  with  mercury,  he 
found  it  converted  into  vinegar    but  the  diminution  of 
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the  volume  of  the  gas  never  exceeded,  but  w^as  always  in- 
ferior to  the  volume  of  the  wine  ;  and  hence,  according 
to  the  view  he  gives  of  the  experiment,  the  oxygen  had 
combined  with  carbon  so  as  to  form  carbonic  acid,  which 
had  been  absorbed  by  the  liquor.  And  accordingly  he 
found,  that  when  he  made  the  experiment  with  wine  pre- 
viously impregnated  with  carbonic  acid  gas,  this  wine,  un- 
der the  same  circumstances,  was  equally  converted  into 
vinegar,  but  without  the  volume  of  the  elastic  fluid  above 
it  being  changed  ;  the  oxygen  consumed  being  replaced 
by  an  equal  volume  of  carbonic  acid  gas  *. 

A  certain  temperature  is  requisite  to  the  acetous  fermen- 
tation. It  takes  place  slowly,  below  60  •,  but  it  proceeds 
with  more  rapidity  between  60  and  80 ;  and  in  forming 
vinegar  artificially  the  temperature  is  kept  high.  If  it  fall 
below  50,  it  is  nearly  cheeked  j  and  hence  wines  can  be 
longer  preserved  by  being  kept  below  this  temperature. 

The  phenomena  which  occur  in  the  acetous  fermenta- 
tion are  somewhat  analogous  to  those  in  the  vinous.  "Whea 
it  is  proceeding  rapidly,  there  is  an  intestine  motion,  not 
accompanied  however  with  such  a  disengagement  of  elas- 
tic fluid  as  in  the  vinous  fermentation  ;  the  liquor  is  tur- 
bid, and  its  temperature  rises ;  its  smell  becomes  acetous. 
These  appearances  at  length  subside,  and  the  liquor  gra- 
dually becomes  clear,  having  deposited  a  kind  of  glutinous 
sediment  somewhat  similar  to  yeast. 

The  theory  of  the  acetous  fermentation  is  not  yet  com- 
pletely elucidated.  Since  the  strength  of  the  acid  which 
is  formed  from  it  is  proportioned  to  the  quantity  of  alko- 
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hoi,  or  of  matter  of  a  composition  analogous  to  alkohol, 
and  in  general  capable  of  passing  into  it,  and  since  this 
alkohol  disappears  during  the  fermentation,  Lavoisier  sup- 
posed that  the  theory  of  the  process  might  be  inferred 
from  the  changes  which  this  principle  can  be  supposed  to 
suffer  and,  as  he  found  that  during  the  change  oxygen 
is  absorbed,  while  scarcely  any  sensible  quantity  of  car- 
bonic acid  is  extricated,  he  concluded,  that  the  acetous 
fermentation  consists  in  the  oxygenizement  of  the  alkohol. 
If  the  experiments  of  Saussure  be  admitted  as  correct  in 
proving  that  as  much  carbonic  acid  is  formed  as  corre- 
sponds with  the  quantity  of  oxygen  consumed,  this  acid 
being  retained  by  the  liquor,  the  theory  of  Lavoisier  would 
require  to  be  so  far  modified,  as  to  ascribe  the  change  of 
alkohol  into  vinegar  rather  to  the  abstraction  of  carbon 
than  the  fixation  of  oxygen  ;  leaving  of  course,  however, 
a  larger  proportion  of  the  latter  principle  in  the  composi- 
tion of  the  acetic  acid. 

This  view  cannot  however  be  received  as  altogether  just, 
since  alkohol  alone  cannot  undergo  this  change,  nor  can 
it  by  oxygenizement  be  converted  into  acetic  acid  ;  and 
since  the  presence  of  mucilage,  saccharine  matter,  or  other 
principles,  is  always  necessary  to  the  acetous  fermentation, 
the  operation  of  which  is  not  explained  by  the  theory. 
Neither  does  it  explain  the  action  of  the  ferment  which 
appears  to  be  nearly  equally  indispensable.  It  will  after- 
wards appear,  that  nitrogen  probably  enters  into  the  com- 
position of  acetic  acid ;  and  the  operation  of  the  ferment 
may  be  partly  that  of  affording  this  element. 

Vinegar,  the  product  of  the  acetous  fermentation,  is 
prepared  in  diff^erent  countries  from  difFercnt  materials. 
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Where  the  grape  is  cultivated,  it  is  obtained  from  weak 
or  sour  wine.  -This  is  kept  in  a  proper  temperature  with 
the  access  of  the  air,  and  the  fermentation  is  excited  by  the 
addition  of  a  quantity  of  the  sediment  of  vinegar,  of  wine 
already  sour,  or  of  the  lees  of  such  wine.  The  product 
is  stronger  in  proportion  to  the  previous  strength  of  the 
wine.  In  this  country  it  is  prepared  either  from  unre- 
fined sugar,  or  from  the  wort  obtained  by  infusion  from 
malted  grain  ;  the  fermentation  being  excited  by  yeast, 
and  being  carried  on  in  a  warm  apartment.  This  vinegar 
is  in  general  inferior  in  strength  and  purity  to  that  from 
wine,  and  is  more  liable  to  become  mouldy,  or  suffer  the 
putrefactive  fermentation.  This  appears  to  be  owing 
chiefly  to  the  presence  of  glutinous  matter  j  and  hence 
the  rationale  of  the  method  which  Scheele  pointed  out  as 
the  best  for  preserving  vinegar,  that  of  heating  it,  and 
bringing  it  even  to  boil  for  a  few  minutes,  the  glutinous 
matter  being  separated  by  a  kind  of  coagulation. 

Vinegar,  when  fully  fermented,  is  clear  and  limpid,  of 
a  yellow  or  reddish  colour,  having  an  odour  agreeable  and 
somewhat  pungent,  and  a  taste  sour  but  not  disagreeable. 
It  differs,  however,  in  its  strength  and  purity  as  prepared 
from  different  materials.  It  is  always  largely  diluted,  or 
the  acid  which  is  its  essential  part  is  combined  with  much 
water ;  and  with  this  are  in  solution  portions  of  gluten, 
mucilage,  sugar,  and  extractive  matter  from  which  it  de- 
rives colour,  and  frequently  some  of  the  vegetable  acids, 
particularly  the  malic  and  tartaric.  It  is  in  this  state,  as 
prepared  by  fermentation,  that  it  i\>  used  as  a  condiment. 

The  acid  which  exists  in  vinegar,  is  also  formed  in  o- 
ther  chemical  processes  than  fermentation.    Thus  it.  is 
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produced  spontaneously,  as  has  been  remarked,  in  the  li- 
quor in  which  wheat  is  macerated  in  the  formation  of 
starch  :  it  appears  frequently  in  cases  where  vegetable 
matter  has  been  acted  on  by  sulphuric,  nitric,  or  oxymu- 
riatic  acid,  as  in  the  preparation  of  ether,  and  in  a  num- 
ber of  analogous  operations ;  and  it  is  produced  in  the 
distillation  of  wood  and  the  decomposition  of  many  vege- 
table substances  by  heat,  constituting  what  the  chemists 
formerly  named  the  empyreumatic  Vegetable  Acids.  It 
also  exists  in  the  sap  of  many  vegetables,  as  has  been  al- 
ready stated. 

From  vinegar  it  is  procured  with  most  facility,  and  dif- 
ferent processes  are  followed  to  obtain  it  pure  and  con- 
centrated. The  simplest  method  of  obtaining  it  pure, 
though  weak,  is  by  distillation.  A  quantity  of  common 
vinegar  is  distilled  in  a  retort  with  a  sand  heat,  or  In  a  tin 
still  with  the  fuel  directly  applied.  The  first  portion  that 
passes  over,  to  the  amount  of  about  \  of  the  vinegar,  is 
little  more  than  water,  and  is  therefore  rejected  :  what 
passes  next  is  acid,  and  forms  the  distilled  vinegar.  When 
about  I  have  been  distilled,  the  residual  liquor  becomes 
so  loaded  with  extractive  matter,  and  at  the  same  time  re- 
quires so  high  a  temperature  to  keep  up  its  ebullition,  that 
were  the  distillation  continued  it  would  be  scorched,  and 
the  distilled  liquor  would  acquire  a  very  unpleasant  em- 
pyreumatic odour.  It  is  therefore  stopt.  The  residual 
liquor,  however,  is  still  strongly  acid,  even  more  so,  in- 
deed, than  what  has  passed  over.  If  the  receiver  be  chang- 
ed, this  strong  acid  may  be  distilled,  and  can  be  applied 
to  some  uses  ;  or  by  adding  to  the  residual  liquor  a  por- 
tion of  water,  the  distillation  may  be  recommenced,  and  a 
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fluid  similar  to  what  has  before  been  collected  be  obtain- 
ed. At  the  end  of  the  operation,  when  it  has  been  car- 
ried on  without  dilution,  there  remains  a  liquor  of  a  deep 
red  colour,  very  eropyroumatic,  acid,  and  which  on  stand- 
ing .dcpositcs  super- tartrate  of  potassa.  The  extractive 
matter,  when  urged  with  a  strong  fire,  yields  the  usual 
products  of  vegetable  matter,  with  a  portion  of  ammonia. 

Distilled  vinegar  is  limpid  and  colourless.  Its  odour  is 
fainter  and  less  pleasant  than  that  of  common  vinegar; 
its  taste  less  sour,  and  its  acid  powers,  as  may  be  inferred 
indeed  from  what  has  been  said  of  its  preparation,  are 
weaker.  It  is  purer,  however,  and  is  not  liable  to  decom- 
position on  keeping.    It  is  principally  used  in  pharmacy. 

Vinegar  can  be  concentrated  by  freezing  :  the  congela- 
tion takes  place  at  a  temperature  below  28^,  more  or  less 
according  to  its  strength,  and  the  congealed  part  is  mere- 
ly ice,  leaving  of  course  a  stronger  acid.  If  the  process  be 
performed  on  distilled  vinegar,  or  conducted  in  the  man- 
ner described  by  Lowitz,  a  very  pure  acid  is  at  the  same 
time  obtained.  He  freezes  a  large  quantity  of  vinegar, 
and  distils  the  unfrozen  part  in  a  water-bath  •,  the  distil- 
led vinegar  thus  procured,  is  again  congealed,  and  the  li- 
quid portion  is  lastly  distilled  from  a  quantity  of  charcoal 
powder.  A  highly  concentrated  acid,  of  an  agreeable  o- 
dour,  is  thus  obtained.  If  it  be  exposed  to  a  very  intense 
cold,  equal  to  —38^,  it  shoots  into  crystals  ;  when  the 
fluid  part  is  withdrawn,  the  crystals  liquefy  when  the  tem- 
perature rises,  and  the  liquid  is  limpid  as  water,  extreme- 
ly strong,  and  has  a  highly  pungent  acetous  odour.  This 
is  the  pure  acid  of  the  vinegar,  any  foreign  matter  remain- 
3ng  in  the  uncongealed  liquid.    Lowitz  likewise  obtained 
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the  acid  equally  strong,  by  taking  vinegar  which  has  been 
once  congealed  and  then  distilled,  mixing  it  with  a  large 
quantity  of  charcoal  powder,  and  distilling  from  a  retort 
in  a  water-bath ;  a  weak  acid  comes  over  :  the  retort  is 
then  to  be  placed  in  a  sand-bath,  and  urged  with  a  strong 
fire,  as  long  as  any  fluid  distils  over  quickly ;  stopping  it 
when  it  begins  to  distil  more  slowly,  as  it  is  then  princi- 
pally water.  The  distilled  acid  may  be  further  concen- 
trated by  freezing,  retaining  the  crystals,  and  pouring 
off  the  uncongealed  portion  *.  It  is  singular,  that  the  a- 
cid  concentrated  by  freezing,  acquires  an  unpleasant  odour; 
from  which  it  may  be  freed  by  distillation  from  charcoal. 

Other  methods  are  employed  to  obtain  the  pure  and 
concentrated  acid.  Distilled  vinegar  is  combined  with  an 
alkali  or  earth  *,  the  neutral  salt,  obtained  by  crystalliza- 
tion, in  a  solid  state,  is  decomposed  by  an  acid,  and  the 
acetic  acid  is  distilled.  The  process  of  Westendorf, 
which  has  been  often  followed,  is  to  saturate  soda  with 
distilled  vinegar  j  obtain  the  acetate  by  crystallization  ; 
and  pour  upon  it,  in  a  retort,  half  its  weight  of  sulphuric 
acid.  By  applying  hear,  the  acetic  acid  is  distilled  over  ; 
and  should  there  be  any  reason  to  suspect  the  presence  of 
any  sulphuric  acid,  it  may  be  distilled  a  second  time  from 
a  little  acetate  of  soda.  According  to  Lowitz,  a  prefera- 
ble method,  as  affording  it  still  more  concentrated  and 
pure,  is  to  mix  three  parts  of  the  acetate  of  soda  with 
eight  parts  of  super-sulphate  of  potassa,  both  salts  being 
perfectly  dry  and  in  fine  powder,  and  to  distil  from  this 
mixture,  in  a  retort  with  a  gentle  heat.     By  this  process 
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seven  pounds  of  concentrated  acid,  crystallizable  cold, 
may  be  obtained  from  300  pounds  of  common  vinegar  f . 

It  was  also  long  known,  that  from  certain  metallic  salts 
formed  from  vinegar,  a  very  strong  acid  could  be  procur- 
ed by  distillation.  The  salt  employed  for  this  purpose, 
is  that  formed  by  the  action  of  vinegar  on  copper,  the 
Verdigris  of  commerce.  It  is  reduced  to  a  fine  powder, 
which  is  dried  by  a  moderate  heat.  This  is  introduced  into 
a  retort  connected  with  a  receiver,  and  urged  with  a  fire 
gradually  raised  :  the  portion  that  first  comes  over  is  weak, 
and  is  therefore, to  be  removed  ;  it  is  succeeded  by  an  a- 
cid  liquor  extremely  strong,  and  having  a  pungent  suffo- 
cating odour.  As  obtained  by  the  first  distillation,  it 
holds  a  small  quantity  of  oxide  of  copper  dissolved,  from 
which,  however,  it  may  be  freed  by  a  second  distillation, 
with  a  more  gentle  heat.  The  acid  procured  by  this  pro- 
cess, had  formerly  the  name  of  Radical  vinegar. 

It  having  been  observed,  that  this  acid  differs  in  several 
of  its  properties,  and  still  more  in  its  combinations,  from 
the  acid  which  exists  in  distilled  vinegar,  even  when  this 
is  concentrated  by  freezing,  the  opinion  was  maintained, 
that  there  is  an  essential  difference  between  them.  Ber- 
thollet  at  an  early  period  investigated  this  diffet-ence.  Ha- 
ving concentrated  distilled  vinegar  by  freezing,  and  brought 
the  acid  obtained  from  verdigris  by  heat,  to  the  same  spe- 
cific gravity  by  dilution,  he  observed,  that  the  latter  had 
a  taste  and  odour  more  pungent  than  the  former  ;  it  ap- 
peared to  exert  a  stronger  attraction  to  the  alkalis,  and  to 
form  with  them  combinations  more  intimate,  and  differing 
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in  their  properties  from  those  formed  by  the  other  *.  The 
difference  between  them,  he  supposed  owing  to  the  oxy- 
gen received  by  the  acid  from  the  oxide  of  copper,  in  its 
production  from  verdigris  by  heat ;  and  according  to  the 
theory  then  maintained,  to  the  transfer  of  phlogiston  at 
the  same  time  from  the  acid  to  the  copper.  The  two  a- 
cids  thus  came  to  be  regarded  as  differing  in  degree  of  oxy- 
genizement,  and  were  distinguished  by  the  names  of  Ace- 
tous and  Acetic  Acids. 

Adet  called  this  opinion  in  question.    From  examining 
with  attention  the  products  of  the  decomposition  of  the 
acetate  of  copper  by  heat,  he  found  reason  to  conclude, 
that  the  acid  expelled  from  it  receives  none  of  the  oxygen 
of  the  oxide,  but  is  the  same  as  that  which  existed  in  the 
salt,  except  that  it  contains  less  water.    He  compared  this 
acid  too,  with  that  disengaged  by  sulphuric  acid,  without 
the  application  of  any  high  heat,  from  acetate  of  copper, 
and  acetate  of  potassa,  and  found  them  the  same.  He 
found  it  impossible  to  oxygenize  the  acetous  acid,  so  as  to 
convert  it  into  acetic.    And  in  examining  the  actions  of 
these  acids  on  a  number  of  substances,  metallic,  earthy, 
and  alkaline,  and  the  compounds  they  form,  he  found  them 
perfectly  identical,  and  equally  so,  allowing  for  the  dilu- 
tion, with  distilled  vinegar.  He  concluded,  therefore,  that 
the  acetic  acid  expelled  by  heat  from  its  metallic  salts, 
does  not  receive  oxygen  ;  that  it  exists  in  one  uniform  de- 
gree of  oxygenizement ;  that  there  is  no  acetous  acid, 
therefore,  different  from  the  acetic  ;  and  that  the  apparent 
differences  between  the  two.acids  so  named,  arise  from  tic 
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one  being  a  little  weaker  or  more  dilute  than  the  other  *. 
Gren,  it  may  be  remarked,  had  held  the  same  opinion. 

Chaptal,  in  a  memoir  subsequent  to  Adet's,  still  main- 
tained tbe  opinion,  that  there  is  an  essential  difference  be- 
tween these  two  states  of  acetic  acid  ;  a  difference  which 
he  sought  to  establish  by  experiments  on  their  solvent 
power,  their  power  of  saturation,  and  their  combhiations  : 
but  he  regarded  it  as  depending,  not  on  a  different  degree 
of  oxygenizement,  but  on  a  different  proportion  of  carbon 
in  their  base  :  the  acetous  acid  existing  in  verdigris,  losing, 
when  it  is  expelled  by  heat,  a  portion  of  its  carbon,  which 
is  attracted  partly  by  a  portion  of  the  ox)igen  of  the  me^ 
tallic  oxide,  and  partly  by  the  oxide  itself,  which  passes 
nearly  to  the  metallic  state  f .     A  sin'iilar  opinion  had  been 
advanced  by  Peres :  while  Dabit  endeavoured  to  support 
by  experiment  the  opinion,  that  these  acids  are.  in  a  dif- 
ferent degree  of  oxygenizement  J.  Darracq  has  more  late- 
ly examined  the  subject,  and  has  found  the  conclusions  of 
Adet  just.    He  repeated  his  experiments  and  found  them 
correct ;  and  added  others,  from  which  it  resulted,  that 
when  the  two  acids  are  brought  to  the  same  specific  gra- 
vity, there  is  scarcely  any  difference  between  them  in  their 
physical  properties,  except  that  the  smell  of  the  acetic  is  a 
little  empyreumatic.  Their  chemical  properties  were  also 
alike,  and  their  combinations  the  same.  The  acetous,  sub- 
mitted to  the  action  of  substances  capable  of  affording  to 
it  oxygen,  was  not  changed  :  nor  by  analysis  did  they  af- 
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ford  different  proportions  of  charcoal.  Coinmou  vinegar, 
however,  cwitains  a  quantity  of  nnucilaginous  or  extr:ict- 
ive  matter,  which  Darracq  found  not  to  be  ahogether  se- 
parated from  it  by  distillation,  and  a  portion  of  which  even 
adheres  to  the  acid  in  its  saline  combinations.  The  pre- 
sence of  this,  and  of  a  portion  of  water  in  what  has  been 
named  Acetous  Acid,  somewhat  disguise  its  properties  ; 
and  by  abstracting  them  by  distilling  this  acid  repeatedly 
from  muriate  of  lime,  an  acid  is  obtained  equally  strong 
with  the  acetic,  and  having  an  odour  as  pungent  and  not 
empyreumatic. 

There  exists,  tlierefore,  as  Darracq  has  remarked,  only 
one  acid  of  vinegar  •,  which  being  at  its  maximum  of  oxy- 
genizement,  ought,  in  conformity  to  the  principles  of  the 
modern  nomenclature,  to  be  named  the  Acetic.  Its  salts 
must  be  denominated  Acetates  ;  and  the  salts  named  Ace- 
tites,  as  distinct  from  these,  have  no  existence  *. 

The  acetic  acid  is  extracted  from  the  metallic  salts  in 
which  it  exists,  by  other  methods  than  merely  by  the  ap- 
plication of  heat ;  in  particular,  by  employing  the  affinity 
of  some  other  concrete  acid  to  disengage  it,  assisted  by 
heat.  It  can  thus  be  obtained  from  acetate  of  lead,  by  the 
intervention  of  sulphate  of  copper  or  of  iron.  A  process 
of  this  kind,  given  by  Badollier,  is  to  expose  to  heat,  in  a 
retort,  a  mixture  of  equal  parts  of  sulphate  of  copper  and 
acetate  of  lead,  as  long  as  any  acid  comes  overf.  This 
has  been  introduced  into  the  Pharmacopoeia,  substituting 
sulphate  of  iron  for  sulphate  of  copper.    The  acid  thus 


*  Philosophical  Magazine,  vol,  xiii.  p.  12. 
f  Annales  dc  Chimie,  torn,  xxxvii.  p.  111. 
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procured,  however,  is  weaker,  and,  according  to  the  ob- 
servation of  Debuc,  confirmed  by  the  experiments  of 
Planche  and  Boullay,  contains  sulphurous  acid  which, 
however,  according  to  the  former  chemist,  may  be  ab- 
stracted by  distilling  it  from  black  oxide  of  manganese, 
mixed  with  a  small  quantity  of  carbonate  of  potassa  *. 

Acetic  acid,  ui  its  highest  state  of  concentration,  such 
as  that  in  which  it  is  obtained  when  expelled  from  ace- 
tate of  copper  by  heat,  or  when  distilled  repeatedly  from 
muriate  of  lime,  has  a  fragrant,  and  at  the  same  time  very 
penetrating  smell,  irritating  the  nostrils  strongly  :  it  is  so 
caustic  as  to  inflame  the  skin  :  its  acid  taste  is  strong,  even 
when  it  is  largely  diluted  with  water-:  it  is  colourless,  and 
has  a  specific  gravity  of  1.0626.  In  its  diluted  state,  as 
in  that  of  distilled  vinegar,  its  smell  is  much  more  faint, 
but  is  still  agreeable,  and  its  taste  is  merely  sour. 

This  acid  is  capable  of  congelation,  when  it  forms  fo- 
liated arborescent  crystals  and,  according  to  the  observ-' 
ations  of  Lowitz,  it  suffers  this  change,  and  presents  very 
different  results,  according  to  its  degree  of  concentration. 
If  much  diluted,  as  in  common  distilled  vinegar,  it  is  the; 
water  that  freezes,  leaving  a  stronger  acid  uncongealed  j 
if,  on  the  contrary,  the  acid  exposed  to  cold  be  more  con- 
centrated, it  congeals,  and  the  part  that  remains  liquid  is 
more  watery.  When  strong,  it  congeals,  according  to  his 
account,  at  the  temperature  of  32*=",  and  remains  solid 
even  at  a  higher  temperature  f .    "With  regard  to  this, 


*  Nicholson's  Journal,  vol.  xiii.  p.  42. 
f  Annales  de  Chimie,  torn.  x.  p.  215. 
CrdVs  Journal,  vol.  i.  p.  2i5.  252. 
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however,  there  is  some  obscurity  *,  for  concentrated  ace- 
tic acid  does  not  freeze  at  a  much  lower  temperature,  and 
the  acid  distilled  from  charcoal,  Lowitz  himself  remarks, 
requires  a  temperature  lower  than  20°  of  Fahrenheit. 

This  acid  is  very  volatile  :  its  odour  is  diffused  through 
the  atmosphere,  when  it  is  exposed  to  it,  aiul  becomes 
gradually  weaker  ;  and,  by  a  moderate  heat,  it  is  convert- 
ed into  vapour  ;  this  vapour  catches  fire  on  the  approach 
of  an  ignited  body ;  and  hence  the  acetic  acid  affords  an 
example  of  an  acid  retaining  the  property  of  inflammabi- 
iity. 

This  acid  combines  with  water  in  every  proportion,  and 
when  it  is  concentrated,  the  temperature  rises  from  their 
combination. 

Acetic  acid  combines  with  the  alkaline  and  earthy  bas- 
es. Its  salts  are  named  Acetates,  or  formerly,  as  they  are 
generally  prepared  from  distilled.vinegar,  which  was  con- 
sidered as  acetous  acid,  Acetltes.  They  are  very  soluble 
in  water,  and  the  greater  number  of  them  have  such  an 
affinity  for  it  as  to  be  deliquescent,  and  not  easily  crystal- 
lized :  the  acstic  acid  is  easily  disengaged  ;  and  they  are 
decomposed  by  heat,  the  greater  part  of  the  acid  suffering 
decomposition,  and  leaving  a  residuum  of  charcoal. 

Acetate  of  Potassa  is  prepared  by  saturating  the  al- 
kali of  carbonate  of  potassa,  by  the  addition  of  distilled 
vinegar.  The  liquor  is  evaporated  to  a  dry  mass :  this  is 
of  a  brownish  colour,  from  the  presence  of  a  small  quan- 
tity of  extractive  matter  derived  from  the  vinegar.  If  it 
be  melted  and  kept  in  liquefaction  for  a  short  time,  on 
dissolving  it  again  in  water,  the  extractive  matter  sepa- 
rates in  flakes  j  the  solution  when  strained  is  limpid,  and 
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when  evaporated  afFords  a  salt  perfectly  white.  It  is  soft  and 
of  a  distinctly  foliated  texture,  whence  it  received  the  ab- 
surd name  of  Terra  Foliata  Tartari.  Its  concentrated  so- 
lution affords,  when  exposed  to  cold,  prismatic  crystals. 
This  salt  is  so  deliquescent,  that,  even  on  a  few  minutes 
exposure  to  the  atmosphere,  its  surface  becomes  humid : 
it  does  not  require  more  than  its  weight  of  water  for  its 
solution  at  60°  :  it  is  also  soluble  in  alkohol.  Its  watery 
solution,  like  that  of  the  other  acetates,  decomposes  spon- 
taneously and  when  the  dry  salt  is  exposed  to  heat,  its 
acid  is  decomposed,  an  empyreumatic  oil  and  acid  pass 
over,  with  a  little  ammonia,  and  much  carbonic  acid  and 
carburetted  hydrogen  gases  ;  a  considerable  quantity  of 
charcoal  remaining,  mixed  with  carbonate  of  potassa. 

Acetate  of  Soda,  prepared  by  saturating  carbonate  of 
soda  with  distilled  vinegar,  is,  by  evaporation  of  its  solu- 
tion until  a  pellicle  form  on  its  surface  obtained,  when 
the  fluid  cools,  crystallized  in  striated  prisms.  Its  taste, 
like  that  of  the  preceding  salt,  is  sharp  and  bitter  :  it  is 

« 

not  deliquescent,  but  is  easily  soluble  in  water,  requiring 
nearly  three  parts  at  60°.  It  is  decomposed  in  the  same 
manner  as  the  acetate  of  potassa. 

Acetate  of  Ammonia,  formed  by  saturating  carbon- 
ate of  ammonia  with  distilled  vinegar,  has  been  long  known 
under  the  name  of  Spirit  of  Mindererus,  having  been  em- 
ployed in  medicine  as  a  diaphoretic.  It  is  not  easily  ob- 
tained crystallized,  as  it  is  so  volatile  that  its  solution  can- 
not be  concentrated  by  evaporation  :  by  a  very  slow  eva- 
poration, however,  it  may  be  obtained  In  acicular  prisms  i 
and  it  can  be  crystallized  by  sublimation.  It  is  very  de- 
liquescent and  soluble. 
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The  combinations  of  this  acid  with  the  earths  do  not 
form  compounds  of  much  importance.  Acetate  of  bary- 
tes  crystallizes  in  acicular  prisms,  which  are  efflorescent, 
and,  at  the  same  time,  very  soluble  in  water.  Its  taste  is 
bitter.  As  it  is  decomposed  by  the  alkaline  carbonates 
and  sulphates,  it  is  sometimes  used  as  a  test  to  discover 
carbonic  and  sulphuric  acid.  Acetate  of  strontites  affords, 
by  evaporation  of  its  solution,  slender  crystals,  which  are 
soluble  in  water,  requiring  not  much  more  than  two  parts 
for  their  solution,  and  which  are  not  altered  by  exposure 
to  the  air.  Acetate  of  lime  is  obtained  by  evaporation  and 
cooling,  in  fine  prismatic  crystals  of  a  silky  lustre,  efflor- 
escent, soluble  in  water,  and,  as  is  observed  by  Mr  Kir- 
wan,  still  more  soluble  in  alkohol.  Its  taste  is  bitter. 
Acetate  of  magnesia  crystallizes,  but  with  difficulty,  its 
solution  usually  affording,  on  evaporation,  a  viscid  deli- 
quescent mass,  abundantly  soluble  both  in  water  and  al- 
kohol :  its  taste  is  sweetish.  Acetate  of  argil,  prepared 
by  digesting  the  acid  on  the  earth,  forms  small  needle-like 
crystals,  soft,  and  having  an  astringent  taste.  This  salt  is 
prepared  for  its  application  as  a  mordant,  as  has  been  al- 
ready remarked,  by  decomposing  acetate  of  lead  by  sul- 
phate of  argil.  Acetate  of  glucine  is  easily  formed  by  di- 
rect combination  :  the  solution  does  not  crystallize,  but  is 
reduced,  as  Vauquelin  found,  by  evaporation,  to  a  gum- 
my-like substance,  which  remains  long  ductile,  and  dries 
slowly  :  its  taste  i$  sweet  and  astringent.  Acetate  of  zir- 
con is  likewise  gelatinous  and  uncrystallizable,  and  has  an 
astringent  taste.  Acetate  of  ittria  can  be  obtained  by  eva- 
poration of  its  solution  in  crystals,  which  are  thin  plates, 
and  of  a  purple  colour. 
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Acetic  acid,  in  its  various  states  of  concentration,  acts 
more  or  less  powerfully  on  the  metals,  and,  in  general, 
combines  with  facility  with  them  when  they  are  previous- 
ly oxidized.  Some  of  these  combinations,  particularly 
those  with  lead  and  copper,  are  extensively  used. 

Gold,  silver,  and  platina,  are  not  affected  by  it  in  their 
rnetallic  state,  but,  when  oxidized,  are  dissolved  by  it.  The 
acetic  solution  of  gold,  it  is  remarked  by  Bergman,  affords 
fulminating  gold,  when  acted  on  by  ammonia.  The  ace- 
tate of  silver  crystallizes  in  prisms,  which  are  very  soluble, 
and  have  a  sharp  metallic  taste. 

Acetate  of  quicksilver  is  different  in  its  properties,  ac- 
cording to  the  state  of  oxidizement  of  the  metal.  That 
in  which  the  metal  is  imperfectly  oxidized  is  best  obtain- 
ed by  decomposing  a  solution  of  nitrate  of  quicksilver,  in 
which  the  metal  is  in  that  state,  by  mixing  it  with  a  solu- 
tion in  tepid  water  of  acetate  of  potassa  :  very  delicate 
crystals,  in  the  form  of  spangles,  of  a  white  colour  and 
beautiful  silvery  lustre,  form  quickly,  and  are  deposited  as 
the  solution  cools.  "  Its  principles  have  so  weak  an  affini- 
ty, that  it  is  decomposed  by  water  alone  :  if  a  large  quan- 
tity be  employed  to  wash  it,  it  becomes  yellow  :  the 
whiteness  is  immediately  restored,  by  washing  with  a  lit- 
tle distilled  vinegar :  when  dry,  it  forms  a  soft  foliated 
mass  :  its  taste  is  mild,  but  metallic.  That  which  is  form- 
ed by  digesting  the  acid  on  mercury  more  highly  oxidized 
as  on  the  red  oxide,  is  more  acrid  and  soluble. 

Copper  forms  with  this  acid  combinations  of  some  im- 
portance, from  their  use  in  medicine  and  the  arts.  What 
has  been  named  Verdigris  is  a  sub-acetate  of  copper.  It 
is  prepared  by  stratifying  copper  plates  with  the  husks  of 


OF  AC£T1C  ACID.  479 

grapes,  after  the  expression  of  their  juice,  and  when  they 
have  been  kept  for  some  time  imperfectly  exposed  to  the 
air,  in  an  apartment  warm  but  not  too  dry,  so  as  to  pass 
to  a  state  of  fermentation,  whence  a  quantity  of  vinegar 
is  formed.  The  copper  plates  are  placed  in  layers,  with 
the  husks  thus  prepared,  in  jars, which  are  covered.  At  the 
end  of  twelve,  fifteen,  or  twenty  days,  these  are  opened  ; 
the  plates  have  an  efflorescence  on  their  surfaces  of  a  green 
colour  and  silky  lustre  :  they  are  repeatedly  moistened  with 
water  ;  and  at  length  a  crust  of  verdigris  is  formed,  which 
is  scraped  off  by  a  knife,  is  put  into  bags,  and  dried  by  ex- 
posure of  these  to  the  air  and  sun.  It  is  of  a  green  co- 
lour, with  a  slight  tint  of  blue  *.  In  this  preparation,  the 
copper  is  oxidized,  probably  by  the  atmospheric  air,  aided 
by  the  affinity  of  the  acetic  acid  j  and  a  portion  of  this  a- 
cid  remains  in  combination  with  the  oxide,  not  sufficient, 
however,  to  produce  its  saturation.  When  acted  on  by 
water,  the  acid,  with  such  a  portion  of  oxide  as  it  can  re- 
tain in  solution,  are  dissolved,  and  the  remaining  oxide  is 
left  undissolved.  From  this  analysis  of  it  by  the  action 
of  water,  Proust  inferred,  that  it  consists  of  43  of  acetate 
of  copper,  27  of  black  oxide  of  copper,  and  30  of  water, 
this  water  being  not  accldeatal,  but  existing  in  it  in  inti- 
mate combination  f . 

•  The  proper  acetate  of  copper  is  prepared  by  dissolving 
verdigris  in  distilled  vinegar  :  the  solution,  when  suffi- 


*  Account  of  the  Manufacture  of  Verdrigris,  by  Chaptal, 
rhilosoph.  Magazine,  vol.  iv.  p.  71. 

f  Jeurnal  de  Physique,  torn.  Ixi.  p.  114. 
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ciently  evaporated,  affords  masses  composed  of  prismatic 
crystals,  aggregated,  of  a  deep  green  colour  when  newly 
broken,  but  which  become  of  a  light  green  from  efflores- 
cence on  exposure  to  the  air.  This  salt  is  soluble  in  wa- 
ter, and  also  in  alkohol  :  it  has  a  strong  metallic  taste.  It 
consists,  according  to  Proust,  of  39  of  oxide  and  61  of 
acid  and  water.  Both  it  and  verdigris  are  used  as  pig- 
ments, in  some  of  the  processes  of  dyeing,  and  in  medicine 
on  account  of  their  escharotic  power. 

With  lead,  acetic  acid  forms  combinations  of  some  im- 
portance. Cerusse,  or  white  lead,  is  formed  by  its  action 
on  the  metal,  plates  of  lead  being  exposed  to  the  vapours 
arising  from  boiling  vinegar,  and  the  metal  being  oxidized 
by  the  action  of  the  air,  aided  by  the  afHnity  of  the  acid. 
This  has  been  regarded  either  as  an  oxide  or  a  sub-car- 
bonate of  lead  J  though  it  appears  probable,  that  it  must 
contain  some  acetic  acid.  It  serves  as  the  basis  from  whicli 
the  more  perfect  salt,  the  sugar  of  lead  of  commerce,  is 
formed  :  the  cerusse,  in  fine  powder,  is  boiled  in  distilled 
vinegar,  the  vinegar  being  poured  off  as  it  loses  its  acidi- 
ty, and  fresh  quantities  being  successively  added.  The 
liquors  thus  procured  are  then  evaporated  nearly  to.  the 
consistence  of  honey  :  and,  on  cooling,  masses  are  form- 
ed, consisting  of  a  congeries  of  needle-like  prisms.  From 
the  account  given  by  Pontier  of  the  manufacture  of  this 
salt,  it  appears  that  it  is  also  formed  by  exposing  plates  of 
lead  to  the  action  of  distilled  vinegar  and  of  the  atmo- 
spheric air  :  the  plates,  as  they  are  incrusted  with  oxide 
at  the  surface  of  the  vinegar,  are  plunged  to  the  bottom, 
until  this  oxide  is  dissolved,  and  are  again  raised  to  the 
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'surface.  The  acid  is  thus  at  length  saturated,  and,  by  eva- 
poration, the  solution  is  brought  to  crystallize  *. 

This  salt  was  regarded  as  the  neutral  acetate  of  lead. 
From  the  researches  of  Thenard,  however,  it  appears, 
that  it  is  a  super-acetate,  or  contains  an  excess  of  acid, 
which  modifies  its  properties.  A  manufacturer  of  sugar 
of  lead  having  found,  that  in  the  method  in  which  he  con- 
ducted his  process,  the  salt  did  not  crystallize  in  the  usu- 
al form,  but  in  plates,  Thenard  examined  this  product, 
and  found  it  to  be  the  neutral  acetate,  while  the  comm.on 
sugar  of  lead  has  an  excess  of  acid.  The  latter,  according 
to  the  analysis  of  it  by  this  chemist,  consists  of  oxide  of 
lead  58,  acetic  acid  2G,  and  water  16  f.  The  form  of  its 
crystals  is  a  slender  four  or  six  sided  prism  bevelled  at  the 
extremities  ;  its  colour  white,  or  frequently  of  a  yellowish 
tinge,  with  a  silky  lustre  ;  its  taste  is  sweet  and  styptic  ; 
it  is  slightly  efflorescent ;  is  easily  soluble  in  water,  re- 
quiring about  24  parts  for  its  solution,  but  at  the  same 
time  it  appears  to  be  partially  decomposed,  as  the  solution, 
even  with  distilled  water,  is  turbid  ;  a  small  quantity  of  a 
white  powder  is  deposited,  and  the  salt  which  remains 
dissolved  lias  probably  a  still  greater  excess  of  acid  than 
the  original  salt.  It  is  decomposed  very  readily  by  all 
those  salts  which  contain  an  acid  that  forms  an  insoluble 
compound  with  oxide  of  lead,  and  is  hence  sometimes  used 
as  a  test  to  discover  their  presence.  It  is  also  decomposed 
by  heat,  and  gives  acetic  acid  diluted  and  empyreumatic. 

The  neutral  acetate,  formed  by  boiling  the  superacetate 


*  Annales  de  Chimie,  torn,  xxxvii.  p.  268- 
f  Nicholson's  Journal,  vol.  vi.  p.  223. 
Vol.  IV.  H  h 
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with  oxide  of  lead,  is  described  by  Theiiard  as  crystal- 
lizing in  plates  :  it  has  a  less  perceptible  saccharine  taste 
than  the  super-acetate  ;  it  effloresces  slightly  in  the  air  v 
is  less  soluble  in  water,  and  forms  a  solution  which  is  pre- 
cipitated abundantly  by  carbonic  acid,  while  that  of  the 
super- acetate  is  precipitated  sparingly.  It  dissolves  in 
vinegar,  and  on  evaporation  gives  needle-like  crystals.  It 
consists,  according  to  his  analysis,  of  oxide  of  lead  78,  a- 
cetic  acid  17,  water  5,  What  is  named  Goulard's  Extract, 
prepared  by  boiling  vinegar  on  litharge  until  it  is  saturat- 
ed with  it,  is,  according  to  Dr  Bostock's  observations,  a 
solution  of  neutral  acetate  of  lead. 

Acetic  acid  dissolves  iron,  the  metal  being  oxidized  from 
the  water.  The  solution  is  of  a  reddish  brown  colour  ; 
has  a  sweetish  astringent  taste  j  and  by  evaporation  affords 
a  gelatinous  mass,  which  is  deliquescent  and-  easily  de- 
composed by  heat.  The  use  of  this  solution  as  a  mordant 
in  calico-printing,  has  been  already  mentioned. 

The  remaining  metallic  acetates  present  few  important 
results.  The  acid  dissolves  tin  only  in  small  quantity  : 
the  solution  whtn  evaporated  is  viscid,  and  has  a  fcetid 
smell.  Zinc  is  dissolved  by  it  very  readily,  and  by  evapo- 
ration crystals  in  thin  plates  are  obtained,  which  burn 
when  thrown  on  ignited  fuel,  with  a  blue  flame,  and  are 
decomposed  by  heat.  This  salt  is  also  formed  by  decom- 
posing acetate  of  lead  by  sulphate  of  zinc.  Nickel  is  dis- 
solved by  acetic  acid,  and  the  solution,  by  evaporation, 
gives  crystals  of  a  green  colour.  Oxide  of  cobalt  is  dis- 
solved by  it ;  the  solution  is  of  a  pale  rose  colour,  and 
forn)s  a  sympathetic  ink.  Antimony  and  bismuth  are 
scarcely  afJccted  by  it :  the  vitrified  oxide  of  antimony, 
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however,  appears  to  be  dissolved  in  small  quantity.  Oxide 
of  arsenic  is  said  not  to  combine  directly  with  it  j  but 
when  heated  with  acetate  of  potassa,  a  liquor  is  formed, 
fuming  and  having  a  very  foetid  odour,  and  which  the 
Dijon  Academicians  found  inflamed  spontaneously,  on  ex- 
posure to  the  air,  and  exhaled  a  dense  foetid  vapour. 

Acetic  acid  acts  on  several  of  the  vegetable  products. 
Mr  Hatchet  found,  that  it  dissolves  resins  and  gum-resins 
without  altering  their  properties.  It  also  dissolves  gluten, 
as  has  been  already  observed.  It  is  a  powerful  solvent  of 
camphor  and  essential  oils.  It  combines  with  alkohol, 
and  when  its  action  is  promoted  by  heat,  converts  it  into 
a  species  of  ether,  which  has  been  already  noticed. 

The  composition  of  acetic  acid  is  not  well  determined. 
As  it  affords  the  usual  products  of  the  vegetable  acids 
when  decomposed  by  heat,  it  is  obvious  that  like  them  it 
contains  carbon,  hydrogen,  and  oxygen.  Lavoisier,  from 
the  observation,  that  ammonia  is  given  out  in  the  decom- 
position of  acetate  of  potassa  by  heat,  supposed,  that  a 
portion  of  nitrogen  might  exist  in  the  composition  of  the 
acid.  Proust  had  stated,  that  not  only  ammonia,  but  al- 
so prussic  acid,  is  produced  in  the  decomposition  of  ace- 
tic acid  by  heat ;  which  he  therefore  considers  as  adding 
probability  to  the  conclusion  of  Lavoisier  *.  Trommsdorff, 
in  repeating  these  experiments,  did  not  obtain  either  of 
these  products  when  he  employed  pure  acetic  acid  f . 

Acetic  acid,  in  its  various  states  of  dilution  and  purity, 
is  applied  to  numerous  uses.  Vinegar  is  one  of  the  acids 


*  Journal  de  Physique,  torn.  Ivi.  p.  103. 
f  Nicholson's  Journal,  vol.  xviii.  p.  345. 
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that  has  been  longest  known,  and  is  extensively  used  as  ^ 
condiment  and  an  antiseptic.  It  is  employed  in  medical 
practice,  and  in  a  number  of  the  processes  of  pharmacy. 
And  its  saline  and  metallic  combinations  are  used  in  seve- 
ral of  the  arts,  as  has  been  already  stated. 


SECT.  II L 

or  TnE  PVTKEFACTIVE  PERM ENTATIOX . 

PuTRErACTiON  is  a  process  to  which  animal  matter  is 
more  peculiarly  liable.  Some  vegetable  substances,  how- 
ever, likewise  undergo  it ;   and  if  others,  in  the  ultimate 
spontaneous  decomposition  to  which  they  are  liable,  do 
not  give  out  those  offensive  products  which  characterize 
the  putrefaction  of  animal  matter,  they  so  far  present  si- 
milar results,  that  their  composition  appears  to  be  com- 
pletely destroyed    their  principles  enter  into  new  combina- 
tions, which  escape  In  the  aerial  form  v  and  they  at  length 
teave  nothing  but  the  small  quantity  of  earthy  and  metal- 
lic matter,  which  the  vegetable  substance  had  contained. 
As  this  change  follows  the  acetous,  and  has  been  supposed 
to  be  in  general  preceded  by  it,  it  has  been  considered  as 
the  last  of  the  three  stages  of  the  process  of  fermentation, 
and  has  been  distinguished  by  the  epithet  Putrefactive. 

Every  kind  of  vegetable  matter  is  liable  to  this  species 
of  decomposition  :  there  is  none  but  what  ultimately  de- 
cays, though'  some  resist  it,  or  preserve  their  composition 
much  longer  than  others.  Those  suffer  it  most  quickly 
which  are  soluble  in  water    and  any  vegetable  principle 
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id^solved  in  this  fluid,  passes  very  speedily  into  it :  the  sur- 
face of  the  liquor  appears  covei'ed  with  a  mould  ;  various 
elastic  fluids  are  disengaged,  and  at  length  it  is  entirely  de- 
composed. Those  which  are  not  perfectly  soluble,  if 
merely  kept  humid,  present  nearly  the  same  results.  Oils 
and  resins,  which  refuse  to  unite  with  water  or  imbibe  it, 
resist  any  change  of  this  kind  for  a  long  period,  and  can 
indeed  scarcely  be  said  to  be  subject  to  it. 

The  same  circumstances  favour  this  species  of  sponta- 
neous decomposition,  which  favour  the  others,  particularly 
humidity,  and  a  moderate  heat.  Any  vegetable  matter, 
kept  perfectly  -dry,  is  long  in  exhibiting  signs  of  alteration 
or  decay.  A  certain  temperature,  which  must  be  less, 
however,  than  what  will  dissipate  the  humidity,  hasten^ 
the  decomposition,  by  favouring  the  approximation  and 
consequent  exertion  of  the  affinities  of  the  constituent 
elements.  And  the  presence  of  the  air  often  promotes  it ; 
at  the  same  time,  however,  modifying  the  results. 

The  gases  disengaged  during  this  decomposition,  are 
combinations  of  the  principles  of  the  vegetable  substance. 
According  to  Saussure  junior^  they  are  compounds  of  hy- 
drogen with  carbon,  forming  inflammable  gases  and  car- 
bonic acid.  The  former  appear  principally  when  the  ac- 
tion of  the  atmosphere  is  excluded,  by  the  substance  be- 
ing immersed  under  water  :  the  latter  is  produced  when 
the  air  is  admitted,  and  its  production  depends  in  a  great 
measure  on  the  action  of  the  oxygen  of  the  atmosphere  *. 
A  portion  of  water  appears  also  to  be  formed,  by  the  u- 
nion  of  part  of  the  oxygen  and  hydrogen  of  the  vegetable 
matter. 

'  Recherches  Chimiques,  p.  157. 
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The  principal  cUfFerence  between  this  species  of  decom- 
position, and  the  putrefaction  of  animal  matter,  is,  that 
there  is  no  evolution  of  ammonia,  or  of  those  foetid  com- 
binations which  characterize  the  latter.  This  is  owing  to. 
the  absence  of  nitrogen,  which  is  essential  to  the  forma- 
tion of  these.  And  accordingly,  those  varieties  of  vegeta- 
ble matter  which  contain  this  element,  present,  in  their  ul- 
timate decomposition,  results  similar  to  those  of  animal 
substances:  such  is  the  case  with  all  those  which  contain 
gluten,  and  with  gluten  itself  in  its  pure  form. 

The  residual  matter  of  vegetable  substances,  after  this 
decomposition,  frequently  contains  a  large  proportion  of 
carbon,  especially  when  formed  from  those  principles  in 
which  this  element  is  abundant,  as  from  the  ligneous  mat- 
ter; and  this  may  remain  long  unaltered,  the  other  princi- 
ples which  re-act  upon  it  having  been  abstracted  in  the 
progress  of  the  decomposition.  A  residuum  of  this  kind 
forms  that  black  soft  matter  which  has  been  named  Vege- 
table Mould,  and  which  constitutes  so  important  a  part  of 
the  soil. 

When  this  is  obtained  free  from  the  undecomposed  ve- 
getable matter  more  or  less  mixed  with  it,  it  appears  from 
the  researches  of  Saussure,  who  has  particularly  examin- 
ed it  *,  to  be  nearly  uniform  in  its  composition  and  pro- 
perties. Subjected  to  distillation,  it  gave  carburetted  hy- 
drogen, and  carbonic  acid  gases  ;  water  holding  in  solu- 
tion acetate  and  sometimes  carbonate  of  ammonia,  and  a 
small  quantity  of  empyreumatic  oil,  leaving  charcoal,  with 


Recherches  Chimiqucs,  p.  162. 
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various  saline  and  earthy  ingredients.  From  these  pro- 
ducts it  follows,  that  the  inould  contained  less  oxygen, 
more  carbon  and  more  nitrogen,  than  the  vegetable  mat- 
ter from  which  it  had  been  formed  ;  though  part  of  this 
nitrogen  must  probably  have  been  derived  from  the  ani- 
mal matter  unavoidably  mixed  with  it. 

The  acids  do  not  exert  any  very  striking  actioTi  on  this 
mould  ;  they  dissolve  its  earthy  and  metallic  ingredients. 
The  fixed  alkalis  dissolve  it  almost  entirely,  and  evolve  am- 
monia during  the  solution.  Alkohol  merely  takes  up  a 
little  resino-extractive  matter.  Water  likewise  dissolves 
a  small  quantity  of  extract. 

Saussure  has  remarked,  as  has  been  above  stated,  that 
vegetable  mould,  though  the  result  of  the  putrefactive 
process,  is  not  itself  susceptible  of  putrefaction,  but  even 
rather  retards  it  •,  hence  it  remains  unaltered,  evidently 
from  the  cause  already  assigned,  that  no  other  principles 
are  present  in  sufficient  proportion  to  act  on  the  carbon 
accumulated  in  it.  This,  however,  is  to  be  understood  of 
it,  only  when  the  air  is  excluded  ;  for  when  exposed  to 
the  atmosphere,  it  suffers  a  gradual  change,  until  it  is  en- 
tirely decomposed.  The  oxygen  of  the  air  combines  with 
its  carbon,  forming  carbonic  acid,  as  Saussure  found  by 
inclosing  it  over  quicksilver,  in  atmospheric  air  or  oxygen 
gas.  While  this  proceeds,  the  abstraction  of  carbpn  ap- 
pears to  allow  part  of  the  oxygen  and  hydrogen  of  the 
mould  to  combine  and  form  water  ;  for  it  loses  more  of 
ito  weight  than  can  be  accounted  for,  merely  from  the 
quantity  of  carbon  abstracted.  These  changes  continue 
to  proceed  in  a  certain  relation  to  each  other,  and  termin- 
ate at  leiigtli  in  the  entire  decomposition,  leaving  the  earthy 
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and  metallic  substances  originally  contained  in  the  vege- 
table matter.  We  perceive  from  this  view,  how  neces- 
sary the  frequent  turning  up  of  the  soil  is,  to  enable  the 
vegetable  mould  to  form  a  proper  manure,  by  decomposing, 
and  affording  carbonic  acid  to  the  growing  plant.  And 
we  discover  also  the  cause  of  the  inertness  and  unfertility 
of  that  accumulation  of  it,  which  principally  constitutes 
peat  and  morass,  and  which,  if  not  subjected  to  certain 
operations,  remains  for  ages  unchanged. 

When  the  slow  and  spontaneous  decomposition  of  ve- 
getable substances  is  conducted  under  peculiar  circum- 
stances, the  result  is  the  accumulation  of  carbon  in  the  re- 
sidual matter  ;  and  beyond  this  the  decomposition  frequent- 
ly does  not  proceed.  The  circumstances  on  which  this  is 
dependent,  are  not,  perhaps,  perfectly  determined  ;  but 
they  seem  to  be,  principally,  a  due  humidity,  a  certain  de- 
gree of  compression,  and  the  exclusion  of  atmospheric  air. 
These  circumstances  are  all  present  when  the  substance  is 
buried  to  some  depth  in  the  earth,  and  it  is  in  this  situa- 
tion that  this  species  of  spontaneous  decomposition  is  best 
exemplified. 

We  can  perceive,  so  far  at  least,  how  these  circumstan- 
ces operate  in  giving  rise  to  this  peculiar  result.  A  cer- 
tain degree  of  humidity  is  requisite  to  favour  the  mutual 
actions  of  the  principles  of  the  vegetable  matter.  Were 
the  atmosphere  freely  admitted,  its  oxygen  would  modify 
these  actions,  and,  in  particular,  by  its  affinity  to  carbon, 
would  abstract  the  greater  part,  and  allow  the  remaining 
principles  to  enter  into  other  combinations.  Compression 
seems  to  operate  by  preventing,  or  at  least  opposing  the 
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formation  of  elastic  compounds  :  were  it  not  present,  it  is 
probable,  that,  in  the  re-action  of  the»elements  of  the  ve- 
getable matter,  the  oxygen  would  combine  partly  with  hy- 
drogen, and  form  water,  and  partly  with  carbon,  and  form 
carbonic  acid.  But  compression  opposing  an  obstacle  to 
the  formation  of  the  latter  substance,  the  combination  of 
oxygen  with  hydrogen  is  determined,  and  thus  carbon  re- 
mains predominant  in  the  residual  matter. 

It  is  obvious,  also,  that  those  kinds  of  vegetable  matter 
which  contain  the  largest  proportion  of  carbon  will  be 
those  most  susceptible  of  this  species  of  decomposition,  and 
which  will  exhibit  most  completely  this  result.  Hence  we 
find  it  conspicuous  in  wood. 

On  these  principles,  I  conceive,  may  be  explained  this 
species  of  decomposition,  the  existence  of  which  cannot 
be  doubted,  since  we  perceive  it  particularly  exemplified 
in  the  instance  just  now  quoted,  of  wood  that  has  been 
kept  humid,  and  buried  to  a  certain  depth.  And  the  va- 
rious coally  and  bituminous  substances  which  are  found  in 
the  earth  have  been  probably  formed  by  some  such  pro- 
cess. Their  origin  from  vegetables  is  clearly  marked  in 
their  composition  and  properties  ;  they  are  inflammable  ; 
afford,  by  destructive  distillation,  or  combustion,  the  usual 
products  of  vegetable  matter  ;  the  remains  of  vegetable 
and  animal  substances  are  often  found  intermixed  with 
them,  indicating  their  origin ;  and  we  can  even  trace  the 
gradation  from  wood  slightly  changed  to  those  which  are 
most  remote  from  the  ligneous  texture.  These  bitumens 
have  been  already  considered. 


BOOK  IX. 


OF  ANIMAL  SUBSTANCES. 


X  H  E  chemical  history  of  Animal,  like  that  of  Vegetable 
S-ubstances,  may  be  comprised  under  three  divisions.  In 
the  first  nvay  be  considered,  what  relates  to  their  forma- 
tion, sci  far  as  this  is  dependent  on  chemical  action.  Un- 
der the  second  may  be  described,  the  varieties  of  animal 
matter, — their  chemical  properties  and  combinations:  And 
their  history  may  be  concluded,  with  an  account  of  the 
decompositions  they  suffer,  and  the  spontaneous  changes 
to  which  they  are  liable. 
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OF  THE  FORMATION  OF  ANIMAL  SUBSTANCES. 

An  IMAL,  like  vegetable  substances,  are  formed  of  a 
few  simple  principles  ;  the  differences  in  their  properties 
arising  from  variations  in  the  proportions,  and  in  the 
modes  in  which  these  are  combined.  They  are  equally 
susceptible  of  decomposition,  or  even  more  so ;  the  ba- 
lance of  affinities  whence  they  exist,  being  altered  by  very 
slight  causes,  and  their  principles  easily  entering  into  new 
combinations. 

There  are  certain  chemical  characters,  by  which  the  ani- 
mal are  distinguished  from  the  vegetable  products.  They 
are,  in  particular,  more  liable  to  that  species  of  sponta- 
neous decomposition  named  Putrefaction.  Vegetables  in 
a  humid  state,  pass  into  the  vinous  or  acetous  fermenta- 
tion, or  suffer  that  species  of  decomposition  whence  car- 
bonic acid  and  carburetted  hydrogen  gases  are  disengaged, 
and  charcoal  remains.  Animal  substances  are  li.ble  to 
none  of  these  changes,  or  at  least  are  little  disposed  to 
pass  into  them  ;  they  rather  undergo  the  putrefactive  fer- 
mentation, or  their  elements  enter  into  new  combinations, 
the  principal  of  which  are  ammonia,  and  certain  elastic 
fluids  more  compound  than  those  formed  in  the  decom- 
position of  vegetable  matter. 
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When  vegetables  are  decomposed  by  heat,  the  products 
of  the  decomposition  are  empyreumatic  oil  and  acid,  car- 
buretted  hydrogen,  carbonic  oxide,  and  carbonic  acid 
gases,  the  residuum  being  charcoal.  Some  afford  ammo- 
nia, but  it  is  yielded  only  in  small  quantity,  and  by  a  few 
of  them.  Animal  substances,  along  with  the  usual  pro- 
ducts of  the  analysis  of  vegetable  matter,  invariably  afford 
a  large  quantity  of  ammonia  when  they  are  decomposed 
by  heat.  They  give  also  some  other  peculiar  products, 
particularly  compounds  of  sulphur  and  phosphorus  with 
hydrogen,  the  prussic  acid,  and  phosphoric  salts. 

These  differeiices  between  the  animal  and  vegetable  pro- 
dticts,  arise  from  the  difference  in  their  chemical  compo- 
sition. That  of  animal  substances  is  more  complicated 
than  that  of  vegetable  matter,  as,  besides  carbon,  hydro- 
gen, and  oxygen,  they  contain  nitrogen,  and  generally 
phosphorus  and  sulphur.  The  presence  of  these  princi- 
ples dividing  the  attractions  subsisting  between  the  car- 
bon, hydrogen,  and  oxygen,  weakens  their  force,  and  hence 
these  complicated  compounds  are  more  liable  to  decom- 
position, and  their  elements  have  a  powerful  tendency  to 
enter  into  binary  or  ternary  combinations.  To  this  cause 
is  owing  the  great  susceptibility  of  decomposition  which 
characterizes  the  animal  products. 

Th$  peculiar  products  they  afford  by  their  analysis,  de- 
rive their  origin  from  those  principles  which  are  peculiar 
to  them,  or  which  are  at  least  contained  in  less  quantity 
and  less  generally  in  vegetable  substances.  The  nitrogen, 
which  may  be  considered  as  the  principle  that  peculiarly 
gives  them  their  character,  by  combining  with  hydrogen, 
furnishes  the  ammonia,  formed  both  during  their  putre- 
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faction  and  their  decomposition  by  heat :  it  forms  a  prin- 
cipal component  part  of  the  prussic  acid,  and  it  enters  in- 
to the  composition  of  the  gases  they  give  out.  Tliis  pre- 
dominance of  nitrogen  in  animal  matter,  is  shewn  by  the 
action  of  the  nitric  acid,  which  disengages  it  in  considera- 
ble quantity,  and,  if  the  experiment  be  properly  conduct- 
ed, without  the  acid  itself  suffering  any  decomposition. 

Phosphorus  is  another  substance  present  in  the  great- 
er number  of  tli^  animal  substances,  and  almost  peculiar 
to  them.  During  their  decomposition  it  enters  into  new 
combinations,  particularly  with  hydrogen  and  nitrogen, 
and  forms  those  compound  gases,  the  extrication  of  which 
accompanies  the  putrefaction  and  decomposition  by  heat 
of  those  substances.  If  they  are  decomposed  by  the  ac- 
tion of  nitric  acid,  it  is  converted  into  phosphoric  acid, 
and  remains  mixed,  as  Berthollet,  in  his  observations  on 
animal  matter,  shewed  *,  with  the  oxalic  acid  usually 
formed  "in  that  process.  On  its  presence  also  depends 
the  abundance  of  neutral  salts,  formed  bv  the  union  of 
phosphoric  acid  wich  the  oxide  of  iron,  the  earths,  and  al- 
kalis, which  are  so  generally  afforded  by  their  analysis. 

Sulphur  is  likejyise  a  component  part  of  several  animal 
substances,  and  must  of  course  enter  into  the  composition 
of  the  products  of  their  decomposition. 

It  may  be  added  as  another  general  difl'erence  in  com- 
position between  animal  and  vegetable  substances,  that 
the  former  contain  less  carbon,  and  more  hydrogen  than 
the  latter.  Carbon  appears  to  be  the  base  of  vegetable 
matter,  to  which  oxygen  and  hydrogen  are  attached. 


*  M*^  raoires  de  1' Acad,  des  Sciences,  1 785,  p.  348. 
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Hydrogen  is  perhaps  the  principal  component  part  of  ani- 
mal matter  combined  with  nitrogen,  oxygen,  carbon  and 
phosphorus.  Hence  in  the  decomposition  of  animal  sub- 
stances, much  empyreumatic  oil  is  obtained,  of  which 
hydrogen  is  the  chief  constituent,  while  another  portion  of 
hydrogen  is  spent  in  the  formation  of  ammonia.  In  ge- 
neral, the  animal  substances  contain  less  oxygen  than  the 
vegetable,  as  they  afford  less  acid  by  their  decomposition. 

In  investigating  the  formation  of  the  animal  products, 
there  can  be  no  doubt  of  the  truth  of  the  general  proposi- 
tion, that  they  are  derived  from  changes  effected  by  the 
animal  system,  on  vegetable  matter.  All  animals  live  di- 
rectly or  indirectly  on  vegetables,  and  derive  from  them 
their  principal,  almost  their  sole  support.  Before  proceed- 
ing, therefore,  to  the  particular  consideration  of  the  ani- 
mal products,  it  is  necessary  to  take  a  general  view  of  the 
process  by  which  they  are  formed.  This  leads  to  the  con- 
sideration of  Digestion,  Respiration,  and  Secretion,  the 
three  functions  which  compose,  by  tlieir  union,  the  pro- 
cess of  animalization.  Though  these  functions  are  in  some 
measure  regulated  by  laws  peculiar  to  the  living  system, 
these  undoubtedly  do  not  suspend  the  exertion  of  the  usual 
laws  to  which  the  matter  concerned  in  them  is  subject.  Af- 
finities are  exerted  between  the  particles  of  that  matter,  and 
new  combinations  are  established  •,  and  it  belongs  to  che- 
mistry, therefore,  to  trace  these  combinations  and  the  cir- 
cumstances by  which  they  are  modified,  and  thus  to  elu- 
cidate the  phenomena  of  physiology  connected  with  these 
actions. 

An  important  distinctlqn  exists  between  animals  and  ve- 
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getables,  in  the  mode  in  which  they  receive  nourishment. 
Vegetables  are  constantly  absorbing  matter  from  the  soil  : 
it  immediately  passes  into  the  general  sap-vessels,  and  is 
soon  changed  by  respiration  and  secretion.  Animals,  on 
tlie  contrary,  with  few  exceptions,  take  in  food  at  inter- 
vals, and  retain  it  in  their  stomach  for  a  considerable  time, 
where  it  undergoes  a  chemical  change.  It  is  this  which 
constitutes  the  function  of  digestion,  the  first  step  in  the 
process  by  which  animal  matter  is  formed. 

In  the  process  of  digestion,  the  food  is  subjected  to  a 
temperature  usually  above  90  of  Fahrenheir ;  it  is  mixed 
with  the  gastric  juice,  a  liquor  secreted  by  the  glands  of 
the  stomach,  and  is  made  to  undergo  a  moderate  and  al- 
ternate pressure,  by  the  contraction  of  the  stomach  itself. 
It  is  thus  converted  into  a  soft  uniform  mass  of  a  greyish 
colour,  in  which  the  previous  texture,  or  nature  of  the 
aliment,  can  be  no  longer  distinguished. 

In  the  production  of  these  changes,  the  gastric  juice 
appears  to  be  the  principal  agent.  It  has  been  proved  by 
the  experiments  of  Stevens,  Spallanzani,  and  others,  that  it 
possesses  a  solvent  power,  or  that,  independent  of  any 
heat  or  pressure,  and  even  out  of  the  body,  it  is  capable 
of  dissolving  animal  and  vegetable  matter.  At  the  same 
time,  these  circumstances  must  promote  its  action,  and 
they  must  therefore  be  assistant  causes  in  the  process  of 
digestion.  In  the  graniv.orous  animals,  trituration  espe- 
cially, from  the  action  of  the  stomach,  has  a  very  im- 
portant share  in  reducing  the  food  to  that  state  in  which 
it  is  more  easily  acted  oji  j  while  in  carnivorous  animals, 
which  have  a  membranous  stomach,  the  eflect  is  produced 
almost  entirely  from  the  action  of  the  gastric  fluid. 
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It  has  often  been  observed,  that  whatever  may  be  the 
kind  of  food,  the  pulpy  mass  into  which  it  is  resolved  in 
the  stomach  is  in  appearance  nearly  the  same.  The  -na- 
ture of  the  change  which  it  suffers,  has  not  been  well  as- 
certained. It  does  not  seem  to  be  resolved  into  its  ulti- 
mate principles,  from  which  new  combinations  are  form- 
ed. The  soluble  parts  of  the  vegetable  and  animal  food, 
the  mucilage,  fecula,  sugar  and  oil,  of  the  one,  the  gelatin, 
albumen  and  other  principles  of  the  other,  are  rather  se- 
parated from  the  insoluble  parts  of  each,  and  brought  in- 
to^a  state  of  intimate  mixture  with  each  other,  so  as  to  be 
more  readily  acted  on  by  the  other  chemical  powers,  to 
which  it  is  to'be  exposed.  It  is  at  the  same  time  partial- 
ly animalized  by  the  mixture  of  the  saliva^  and  gastric 
juice,  by  which  probably  its  further  assimilation  is  facili- 
tated. 

The  chyme,  as  this  pulpy  mass  into  which  the  food  in 
the  stomach  is  resolved  is  named,  passes  by  the  pylorus 
into  the  intestinal  canal,  where  It  is  mixed  with  the  pan- 
creatic juice,  and  the  bile,  and  is  still  exposed  to  the  same 
temperature  and  alternating  pressure.  The  thinner  parts 
of  it  are  absorbed  by  the  slender  t,ubes  termed  the  Lac- 
teals  :  the  liquor  thus  absorbed  is  of  a  white  colour  :  it 
passes  through  the  glands  of  the  mesentery,  and  is  at 
length  conveyed  by  the  thoracic  duct  into  the  blood. 
/  This  part  of  the  process  is  termed  Chylification,  and 
the  white  liquor  thus  formed  Chyle.  It  is  an  opaque 
milky  fluid,  mild  to  the  taste.  By  standing  for  some 
time,  one  part  of  it  coagulates  i  another  portion  is  coagu- 
lated by  heat. 

We  know  little  of  the  nature  of  the  changes  which  con.^ 
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stitute  Chylification.  Some  have  supposed  that  the  bile, 
or  some  part  of  it,  combines  with  part  of  the  food,  and 
animalizes  it ;  while  others  suppose  it  to  be  only  an  excre- 
mentitious  fluid,  and  to  be  useful  in  nothing  but  in  stimu- 
lating the  intestines  to  action.  Neither  opinion  has  been 
proved,  though  the  former  seems  more  probable  than  the 
latter,  from  the  large  quantity  of  bile  secreted,  compared 
with  the  quantity  discharged  from  the  intestines.  We 
know  still  less  of  the  changes  which  the  chyle  suffers  in 
its  passage  through  the  mesenteric  glands  ;  but  by  the  ge- 
neral process  it  is  evident,  that  it  is  assimilated  to  the  na- 
ture of  animal  matter,  as  it  possesses  the  property  of  albu- 
men, of  being  coagulated  by  heat. 

The  chyle,  after  mixing  with  the  lymph  conveyed  by 
the  absorbent  vessels,  is  received  into  the  blood  which 
has  returned  from  the  extreme  vessels,  and  before  it  pas- 
ses, to  the  heart.  All  traces  of  it  are  very  soon  lost  in  the 
blood,  as  it  mixes  perfectly  with  that  fluid.  It  is  proba- 
ble, however,  that  its  nature  is  not  immediately  complete- 
ly altered.  The  blood  passing  from  the  heart  is  convey- 
ed to  the  lungs,  where  it  circulates  over  a  very  extensive 
surface  presented  to  the  atmospheric  air,  with  the  inter- 
vention of  a  very  thin  membrane,  which  does  not  pre- 
vent their  mutual  action.  During  this  circulation,  the 
blood  loses  a  considerable  quantity  of  carbon,  part  of 
which,  it  is  probable,  is  derived  from  the  imperfectly  assi- 
milated chyle,  as  this,  originating  in  part  from  vegetable 
matter,  must  contain  carbon  in  larger  proportion  than  eveo 
the  blood  itself.  In  the  process  of  respiration,  we  have 
also  reason  to  believe,  as  I  shall  soon  have  to  observe,  that 
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a  portion  of  oxygen  and  another  of  nitrogen  are  received, 
which  enter  into  the  composition  of  the  blood. 

The  process  of  sanguification,  however,  is  probably  not 
yet  completed.  The  blood  returning  to  the  heart,  is  dis- 
tributed over  the  whole  body.  In  the  extreme  vessels  it 
undergoes  a  certain  change,  is  converted  from  the  arterial 
to  the  venous  state,  and  though  this  is  connected  with  the 
different  species  of  secretion,  yet  it  is  probable  also,  that 
in  these  vessels  the  process  of  animalization  is  finished. 
There  remains,  as  the  result  of  it,  a  redundance  of  car- 
bon j  and  the  venous  blood  is  brought  back  to  the  heart, 
and  conveyed  to  the  lungs,  where  this  excess  of  carbon 
is  discharged. 

If  we  now  examine  the  composition  of  the  blood,  we 
find  it  to  be  entirely  different  from  that  of  vegetable  mat- 
ter, from  which  it  is  ultimately  derived.  It  is  a  hetero- 
geneous fluid,  composed  of  various  principles  which  we 
can  easily  distinguish,  and  which  all  possess  the  general 
characters  of  animal  matter. 

From  this  fluid  the  solids  seem  to  derive  their  nourish- 
ment, by  attracting  immediately  the  principles  which  it 
contains  ready  formed  ;  for  there  is  perhaps  no  solid  in 
the  animal  body,  of  which  not  merely  the  ultimate,  but 
even  the  immediate  principles  exist  in  the  blood. 

There  is  another  process,  however,  that  of  Secretion, 
by  which  new  products  are  formed.  In  the  course  of  the 
circulation,  the  blood  is  conveyed  to  certain  organs  named 
Glands,  and  is  there  entirely  changed  in  its  chemical  com- 
position, so  as  to  form  various  products  not  pre-existing 
in  the  mass  of  blood,  and  which  form  some  of  the  most 
important  varieties  of  animal  matter. 
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Various  hypotheses  have  been  given  of  the  nature  of 
this  process.  At  one  time  it  was  regarded  as  mechanical, 
"  as  a  species  of  filtration  j  but  the  mere  fact,  that  the  pro- 
ducts are  different  from  any  existing  in  the  blood,  affords 
a  sufficient  refutation  of  the  opinion,  while  it  proves  it  to 
be  strictly  chemical.  A  fluid  is  received  into  certain  ves- 
sels ;  in  these  its  composition  is  changed,  not  merely  from 
the  abstraction  of  principles  previously  existing  in  it,  but 
from  new  combinations  of  its  elements.  From  the  descrip- 
tion of  this  process,  therefore,  it  is  evident,  that  it  consists 
of  a  series  of  chemical  actions. 

But  if  we  endeavour  to  investigate  how  these  are  ef- 
fected, or  inquire  by  what  powers  these  new  chemical 
compounds  are  formed,  we  find  ourselves  engaged  in  a 
task  of  the  most  difficult  kind.  In  the  structure  of  the 
glands  we  perceive  nothing  but  a  series  of  convoluted  ves- 
sels, througli  which  the  blood  circulates,  and  we  are  un- 
able to  discover,  how  the  action  of  these  vessels  can  oper- 
ate so  as  to  form  one  new  product ;  far  less,  how  differ- 
ent glands  can,  from  the  same  fluid,  form  substances  en- 
tirely different  in  their  chemical  composition  and  proper- 
ties. 

Some  physiologists  have  sought  to  solve  this  difficulty 
by  saying,  that  secretion  is  the  effect  of  the  vital  power 
of  the  secreting  organ  ;  not  aware,  perhaps,  that  this  is  af- 
fording no  explanation,  bur  acknowledging  an  occult  cause. 
Digestion  was,  for  a  time,  ascribed  by  those  who  were 
dissatisfied  with  the  hypothesis  of  fermentation  or  of  me- 
chanical trituration  to  vital  action  ;  and  the  production  of 
animal  heat  was  referred  to  the  same  cause.  We  know 
now,  that  these  are  the  effects  of  processes  strictly  chemi- 
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cal.  We  have  every  reason  to  consider  secretion  in  a  si- 
milar point  of  view ;  and  it  is  sufficiently  probable,  that 
future  investigations  may  ascertain  its  nature,  as  satisfac- 
torily as  modern  chemistry  has  discovered  the  cause  of 
what  must  at  one  time  have  appeared  as  difficult,  the  pro- 
duction and  regulation  of  animal  temperature. 

It  might  be  supposed,  as  one  mode  of  solving  these  dif- 
ficulties, on  chemical  principles,  that  the  matter  of  which 
the  gland  consists,  exerts  an  attraction  to  one  or  other  of 
the  elements  of  the  blood,  by  which  the  order  of  attrac- 
tions being  broken,  new  products  may  be  formed.  But 
the  obvious  objection  to  this  opinion  is,  that  the  glandular 
matter  must  undergo  a  proportional  change  ,  a  change  ut- 
terly incompatible  with  tlie  office  it  is  designed  to  per- 
form, or  even  with  its  existence  as  an  organized  part. 

On  a  subject  so  obscure,  it  is  impossible  to  give  more 
than  hypothesis  j  and  even  that  can  be  supported  by  little 
direct  proof.    Yet  if  it  affiard  any  tolerable  explanation  of 
the  phenomena,  it  is  always  advancing  one  step,  and  may 
give  rise  to  new  views.    It  may  perhaps  be  supposed,  that 
the  cause  productive  of  the  new  combinations  which  con- 
stitute secretion  is  the  simple  approximation  of  the  ele- 
ments existing  in  the  blood.    That  fluid  is  propelled  by  a 
vis  a  tergo  into  canals  of  the  most  astonishing  minuteness, 
the  diameters  of  which  are  still  farther  diminished,  from 
their  alternate  contraction  from  the  stimulus  of  the  blood. 
There  can  be  no  doubt,  that,  in  compounds,  the  force  of 
attraction  subsisting  between  their  constituent  particles  is 
modified  by  the  distances  at  which  these  are  placed  •,  and 
in  compounds  especially  which  consist  of  four  or  more 
principles,  the  slightest  alteration  in  their  relative  situation 
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is  sufficient  to  change  entirely  their  existing  attractions, 
and  induce  new  combinations.  The  blood  is  a  compound 
of  this  kind  :  its  ultimate  principles,  too,  are  capable  of 
entering  into  an  innumerable  variety  of  combinations  with 
each  other.  We  may  conceive,  therefore,  that,  when  sub- 
jected to  the  contraction  of  the  extremely  minute  vessels 
through  which  it  is  forced  to  circulate,  the  relative  posi- 
tions of  its  elements  will  be  changed,  their  attractions 
will  of  course  be  altered,  and  new  combinations  formed. 
And  if  we  suppose  a  fluid  thus  passing  through  tubes  of 
different  diameters,  and  undergoing  successive  decomposi- 
tions, we  may  easily  conceive,  that  very  different  products 
may  be  formed  from  the  same  original  compound. 

This  affords  a  very  simple  view  of  the  nature  of  secre- 
tion. No  complicated  apparatus  is  requisite  for  the  per- 
formance of  the  mere  change,  all  that  is  necessary  being 
the  propulsion  of  the  blood  through  extremely  minute  ves- 
sels, capable  of  contraction.  It  has  accordingly  frequent- 
ly been  observed,  that  new  products  are  in  different  cases 
formed  without  the  intervention  of  glands  ;  such  is  the 
formation  of  the  fat,  of  the  solid  fibre,  and  of  various  o- 
ther  parts.  It  is  easy  to  conceive,  that  the  formation  of 
these  may  take  place  in  the  extreme  vessels,  where  these 
products  are  deposited ;  and,  in  like  manner,  in  the  mere 
course  of  the  circulation,  may  be  formed  the  gluten,  al- 
bumen,  and  other  principles  of  the  blood  itself. 

It  is  easy  also  to  account  for  the  variations  to  which  se- 
cretion is  liable,  as  the  contractions  of  the  vessels  must  vary, 
from  variations  in  the  state  of  their  irritability,  or  of  the 
stimuli  which  may  be  applied  to  them. 

From  secretion  a  variety  of  products  are  formed,  as  the 
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bile,  milk,  fat,  the  bony  matter,  the  matter  of  membranes, 
and  a  variety  of  others.  These  complete  the  formation 
of  animal  matter,  and  comprehend  its  several  varieties. 

Such  are  the  different  steps  of  the  process  of  animaliza- 
tion.  The  food  is  digested  in  the  stomach,  mixed  with 
animal  matter  in  the  intestine  canal,  and  converted  into 
chyle.  This  mingles  with  the  blood,  loses  a  portion  of  car- 
bon in  the  lungs,  and  perhaps  receives  some  oxygen  and 
nitrogen :  in  the  extreme  vessels  it  is  finally  converted  in- 
to the  general  principles  of  animal  matter,  and,  in  the 
glands,  is  converted  into  various  secreted  products. 

Since  the  different  varieties  of  animal  matter  are  thus 
ultimately  formed  by  the  processes  of  digestion  and  respi- 
ration, it  becomes  an  object  of  inquiry,  whether,  from  the 
principles  known  to  be  conveyed  by  these  processes,  we 
can  explain  their  formation.  Their  ultimate  elements  are 
carbon,  hydrogen,  oxygen,  nitrogen,  sulphur,  and  phos- 
phorus, with  minuter  portions  of  lime,  iron,  potash,  and 
soda.  Are  these,  or  any  of  them,  formed  by  the  animal 
system,  or  are  they  merely  introduced  into  the  body  from 
without,  and  brought  into  new  combinations  ?  This  ques- 
tion it  is  perhaps  unnecessary,  in  our  present  ignorance  of 
what  are  truely  the  elements  of  matter,  to  investigate, 
since  the  greater  number  or  all  of  these  may  be  compounds, 
many  of  them  perhaps  of  principles  with  which  we  are 
yet  unacquainted.  Yet  it  is  so  far  interesting  to  trace  their 
obvious  origin  where  this  can  be  done. 

With  regard  to  carbon,  hydrogen,  and  oxygen,  there  is 
no  difficulty.  They  exist. in  vegetable  matter  in  a  propor- 
tion even  larger  than  that  in  which  they  exist  in  the  ani- 
mal products,  and  it  is  evident,  therefore,  that  they  are 
conveyed  by  the  food. 
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To  trace  the  origin  of  the  nitrogen  in  the  animal  sys- 
tem is  more  difficult.  It  exists  in  small  quantity  in  vege- 
table matter,  and  only  in  some  varieties  of  it  i  and  as  many 
animals  live  entirely  on  vegetable  food,  and  almost  all 
may  be  brought  to  live  principally  on  it,  it  is  far  from  be- 
ing evident  whence  the  nitrogen  so  abundant  in  the  com- 
position of  both  their  solids  and  fluids  is  derived.  It  has 
been  supposed  to  be  received  in  respiration.  Priestley, 
Goodwin,  Davy,  and  other  chemists  found  reason  to  con- 
clude, from  their  experiments,  as  is  afterwards  to  be  stated, 
that  there  is  a  consumption  of  nitrogen  in  the  lungs;  and 
this  would  afford  an  abundant  source  whence  all  the  nit- 
rogen found  in  the  animal  system  may  be  derived.  The 
fact  however  is  doubtful ;  and  it  is  not  impossible  that 
this  nitrogen  may  have  a  different  origin.  It  has  been  in- 
ferred, that  vegetable  substances  contain  none  of  this  prin- 
ciple, as  they  in  general  afford  no  ammonia  in  their  de- 
composition by  heat}  but  it  may  be  present  in  smaller 
quantity,  and  enter  into  the  composition  of  other  products 
of  that  decomposition ;  and  a  sufficient  quantity  of  nitro- 
gen may  be  contained  in  the  vegetable  matter  used  as 
food,  to  afford,  by  accumulation  in  the  system^,  all  that  ex- 
ists in  animal  matter.  In  all  our  researches  on  questions 
similar  to  this,  it  is  also  to  be  recollected,  that  the  substan- 
ces which  we  at  present  regard  as  simple  may  be  com- 
pound ;  and  thus,  nitrogen  may  either  be  a  compound  sub- 
stance, or  may  exist  in  the  composition  of  others,  which 
our  imperfect  knowledge  ranks  as  elementary. 

Phosphorus  is  another  substance  which  exists  in  sparing 
quantity  in  vegetables,  and  is  contained  more  abundantly 
in  animal  matter.    Its  origin  is  not  less  obscure.  Some 
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have  supposed,  that  it  is  a  product  of  animalization;  which 
appears  not  improbable,  when  we  consider  the  proportion 
of  phosphorus  which  exists  in  the  solids  ihat  constitute 
the  animal  fabric,  and  the  large  quantity  of  phosphoric 
salts  discharged  as  excrementitious.  It  appears,  indeed, 
'  that  a  considerable  proportion  of  it  is  contained  in  those 
varieties  of  vegetable  matter  which  are  chiefly  subservient 
to  animal  nourishment.  Vauquelin  found  it  in  the  farina 
of  wheat,  constituting,  probably,  an  element  in  the  com- 
position of  the  gluten  :  the  ashes  of  one  pound  of  wheat- 
en  flour  yielded  about  84  grains  of  phosphate  of  lime ; 
whence  he  has  calculated,  that  a  person  taking  one  pound 
of  this  flour  daily,  would,  in  the  course  of  one  year,  re- 
ceive 3  lbs.  6^  ounces  of  this  salt.  Many  animals,  how- 
ever, live  on  food  in  which  the  existence  of  this  principle 
has  not  been  established,  those,  for  example,  which  feed 
on  grass  ;  at  the  same  time,  it  is  to  be  remarked,  that  the 
urine  of  these  animals  contains  no  phosphoric  salts.  An 
accurate  analysis  of  the  vegetable  nutritious  substances, 
with  a  comparison  of  the  composition  of  the  solids  and 
fluids  of  the  animals  which  feed  upon  them,  are  still  want- 
ing to  throw  light  on  this  subject. 

The  same  difficulties  exist  with  regard  to  lime  and  iron, 
the  two  principal  remaining  substances  which  enter  into 
the  composition  of  animal  matter.  There  can  be  no  doubt, 
however,  but  that  both  of  thenT  are  found  in  almost  all 
the  vegetable  products-,  and  lime  is 'contained  in  every 
kind  of  water  which  can  be  used  by  animals  as  drink.  Yet 
facts  have  also  been  stated,  in  proof  that  they  are  formed 
in  the  process  of  animalization.  The  'strongest,  perhaps, 
is  derived  from  the  analysis  by  Vauquelin  of  the  eggs  of 
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z  hen,  compared  with  the  food  which  the  animal  received  ; 
from  which  it  followed,  that  the  quantity  of  phosphate  and 
of  carbonate  of  lime  discharged  was  greater  than  what 
was  contained  in  the  food  * ;  whence  it  followed,  that  both 
iime  and  phosphorus  had  been  generated  in  the  animal 
system.  Others  which  have  been  stated  are  less  conclu- 
sive :  the  argument  drawn  from  the  large  quantity  of  cal- 
careous matter  secreted  by  certain  marine  animals,  to  form 
their  shells,  is  evidently  so,  as  a  large  quantity  of  lime  in 
a  state  of  combination  exists  in  sea-water.  And  the  ex- 
periments which  have  been  stated  to  prove,  that  an  egg, 
previous  to  incubation,  contains  less  lime  and  less  iron 
than  the  chick  does  immediately  after  it  is  hatched  f ,  are 
too  inaccurate  to  admit  of  any  certain  conclusion.  This 
applies  indeed,  perhaps,  to  nearly  all  the  researches  on 
this  subject.  The  general  fact,  that  the  greater  part  of 
those  substances  used  as  food  by  animals  contain  these 
principles,  is  perhaps  sufficient  to  justify  the  belief,  that 
they  are  introduced  into  the  body,  and  not  actually  form- 
ed ;  any  analysis  by  which  the  question  might  be  deter- 
mined with  more  precision  being  liable  to  such  difficulties 
and  sources  of  fallacy,  that,  as  hitherto  executed  at  least, 
it  can  afford  no  certain  conclusion. 


*  Annates  de  Chimie,  torn.  xxix.  p.  22. 
f  Aberncthy,  Physiological  Essays. 


506 


OF  THE  ANIMAL  PliODUCTS. 


CHAP.  II. 

OF  THE  ANIMAL  PRODUCTS. 


The  animal,  like  the  vegetable  products,  may  be  redu- 
ced to  a  number  of  species  or  proximate  principles,  cha- 
racterised by  certain  distinctive  properties.  Yet  this  clas- 
sification is  much  less  perfect  than  it  is  with  regard  to  ve- 
getable matter :  we  are  far  from  being  able  to  place  un- 
der it  the  various  animal  solids  and  fluids  ;  and  we  are 
therefore,  in  the  present  state  of  animal  chemistry,  rather 
compelled  to  give  the  history  of  these  solids  and  fluids  in 
the  statle  of  composition  in  which  they  exist,  introducing 
under  them  the  description  of  such  proximate  principles 
as  have  been  suflSciently  defined.    Under  this  arrange- 
ment, the  history  of  the  blood,  the  common  source  whence 
the  varieties  of  animal  matter  are  derived,  must  first  be 
given,  and  is  of  much  importance,  as  this  fluid  contains, 
already  formed,  the  three  most  common  principles,  albu- 
ipen,  gelatin,  and  fibrin.    From  the  history  of  the  blood, 
we  proceed  to  that  of  the  other  fluids  and  solids,  in  that 
order  best  adapted  to  their  various  relations. 
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Blood,  that  fluid  which  circulates  through  the  vessels 
of  the  animal  system,  sustains  life,  and  affords  the  princi- 
ples whence  other  products  are  formed,  differs  consider- 
ably in  its  qualities,  in  the  different  orders  of  animals.  In 
insects  and  some  others,  it  is  white  or  pellucid  ;  in  the 
more  perfect  animals  it  is  of  a  red  colour.  Its  consistence 
is  somewhat  thick,  and  it  has  a  saponaceous  feel :  it  has 
a  sweetish  slightly  saline  taste,  and  a  perceptible  odour, 
more  or  less  strong  in  different  animals.  Its  specific  gra- 
vity is  from  1.03  to  1.05.  It  is  miscible  with  water,  and 
is  coagulated  either  by  heat  or  cold. 

Though  blood,  as  it  circulates  in  the  body,  appears  to 
be  a  homogeneous  fluid,  it  appears  under  the  microscope 
to  be  heterogeneous,  or  presents  the  appearance  of  parti- 
cles of  a  globular  form,  diffused  through  a  liquid.  On 
being  removed  from  the  body,  in  a  short  time  too,  the  ap- 
parent uniformity  of  its  composition  is  subverted  :  it  sepa- 
rates into  a  fluid  of  a  yellowish  colour  and  slight  tenacity, 
and  into  a  coagulum  more  or  less  firm,  of  a  dark  red  co- 
lour. This  process  is  the  Coagulation  of  the  blood  :  the 
fluid  part  is  the  Serum,  the  solid  the  Clot  or  Crassamen- 
tum.  By  a  further  examination,  the  latter  is  found  to  be 
a  mixture  or  very  slight  combination  of  two  principles, — 
of  a  red  colouring  matter,  soluble  in„water,  and  therefore 
abstracted  by  washing  the  crassamentum  ;  and  of  a  white, 
solid,  elastic,  and  fibrous  matter,  which  remains.  The 
former  has  been  named  the  Colouring  Matter,  or  the  Red 
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Globules  of  the  Blood;  the  latter  the  Gluten  or  Fibrin. 
The  proportions  of  all  these  to  each  other,  vary  consider- 
ably in  different  animals,  and  in  the  same  animal  in  differ- 
ent states  of  the  system. 

The  cause  of  that  spontaneous  change  of  the  blood 
which  constitutes  its  coagulation,  is  not  well  ascertained. 
Though  it  is  retarded  by  motion,  and  by  a  moderate  tem- 
perature being  kept  up,  in  other  words,  takes  place  more 
readily  when  the  blood  is  at  rest,  and  when  the  tempera- 
ture is  allowed  to  fall  below  the  natural  heat  of  the  blood 
itself ;  yet  it  also  takes  place  under  the  opposite  circum- 
stances, when  it  is  agitated,  and  when  its  temperature  is 
not  reduced.  Neither  is  the  access  of  atmospheric  air  ne- 
cessary, as  the  coagulation  takes  place  in  vacuot  as  Mr 
Hunter  ascertained.  Experiments  have  been  stated,  par- 
ticularly by  Luzuriaga  which  seem  to  prove,  that  the 
coagulation  takes  place  more  rapidly  when  the  blood  is 
exposed  to  nitrogen,  carbonic  acid,  or  nitrous  gas,  than 
when  exposed  -to  oxygen  or  to  hydrogen  gas.  These  facts 
seem  quite  anomalous,  and  point  out  no  principle  :  and  it 
has  been  affirmed  by  Mr  Davy,  that  w^hen  blood  is  expo- 
sed to  these  and  other  gases,  there  is  no  marked  difference 
in  the  times  of  coagulation  f .  Since  the  above  circum- 
stances have  so  little  share  in  the  coagulation  of  the  blood, 
some  have  ascribed  it  to  the  evolution  of  some  gas,  which, 
while  it  remained  in  the  vessels  of  the  animals,  was  retain- 
ed by  pressure,  and  this,  escaping  from  the  fibrin,  dispo- 
sed it  to  coagulate.    But  this  is  confirmed  by  no  fact. 

'  *  Dissertatio  Inauguralis,  Edin.  178f». 
t  Researches  on  Nitrous  Oxide. 
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The  spontaneous  decomposition  of  the  blood  in  its  coa- 
gulation, aiFords  the  easiest  method  of  discovering  ics  im- 
mediate principles  j  and  from  our  knowledge  of  these,  we 
are  better  enabled  to  determine  the  nature  of  the  changes 
which  re-agents  produce  on  the  entire  blood  itself.  These 
principles,  therefore,  are  first  to  be  investigated. 

The  liquid  formed  by  the  coagulation,  the  Serum,  as  it 
is  named,  is  slightly  viscid  and  consistent,  of  a  pale  yellow- 
ish colour,  and  an  insipid  somewhat  saline  taste.  Its  spe- 
cific gravity  is  about  1.028.  It  mixes  with  water  in' all 
proportions,  losing,  witli  a  large  proportion  of  water,  its  co- 
lour and  taste.  It  is  slightly  alkaline,  as  it  renders  the  sy- 
rup of  violets  green  :  this  alkali,  Rouelle  discovered^to  be 
sotla  ;  anil  muriate  of  soda  is  obtained,  when  muriatic  a- 
cid  has  been  added  to  serum,  and  the  liquid  evaporated. 

When  the  serum  is  exposed  to  a  moderate  heat,  it  coa- 
gulates, or  forms  a  kind  of  consistent  mass,  more  or  less 
firm,  but  still  tremulous,  with  a  portion  of  interposed  fluid. 
This  coagulation  takes  place  at  a  temperature  of  160'', 
and  it  does  not  require  the  presence  of  the  air.  It  is  quick- 
ly produced,  by  adding  to  the  serum  two  or  three  parts 
of  boiling  water ;  but  if  the  serum  has  been  previously 
much  diluted  w^th  cold  water,  it  does  not  happen.  It  is 
also  occasioned  by  the  addition  of  a  number  of  substances, 
as  by  several  acids,  by  salts  having  an  excess  of  acid,  by 
alkohol,  and  by  several  metallic  oxides. 

This  coagulation,  especially  as  it  is  produced  by  heat,  is 
a  true  analysis  of  the  serum.  As  the  fubstance  which 
coagulates  has  all  the  properties  of  the  white  of  an  egg, 
it  has  been  termed  Albumen.  It  exists  in  many  other 
animal  products,  and  is  indeed  one  of  the  most  abundant 
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proximate  principles  of  animal  matter,  especially  of  the 
animal  fluids  and  of  the  softer  solids  ;  it  is  therefore  ne- 
cessary that  its  properties  should  be  fully  examined. 

Albumen,  then,  (of  which  the  white  of  the  egg  furnishes 
us  with  the  best  example),  is  distinguished  by  the  follow- 
ing properties. 

It  is  soluble  in  water,  and  is  again  separated  from  it  by 
coagulation,  by  the  application  of  heat,  by  alkohol,  by  a- 
cids,  and  several  metallic  oxides.  After  its  coagulation, 
it  is  no  longer  soluble  in  water,  unless  by  long  boiling. 
It  has  been  observed,  that  the  coagulum  separated  by  al- 
kohol, is  more  soluble  than  that  separated  by  acids  ;  the 
acid  probably,  while  it  precipitates  the  albumen,  affording 
it  a  small  portion  of  oxygen.  It  has  been  supposed  by 
Fourcroy  even,  that  the  separation  of  this  principle  is  al- 
ways owing  to  its  receiving  oxygen  ;  but  the  fact,  that  it 
is  precipitated  by  alkohol,  while  it  is  not  by  several  sub- 
stances containing  much  oxygen  and  yielding  it  readily, 
as  the  oxymuriate  of  potassa,  the  black  oxide  of  manga- 
nese, and  some  others,  sufficiently  refute  this  opinion  :  nor 
is  the  cause  of  the  coagulation  of  albumen  well  ascertain- 
ed;  but  it  appears  from  the  change  it  suffers  at  the  same 
time  in  its  properties,  to  be  owing  to  some  change  in  the 
combination  of  its  principles.  If  albumen  is  dissolved  in 
8  or  12  parts  of  cold  water,  it  is  not  coagulated  by  heat ; 
but  when  diluted  even  with  a  large  quantity,  as  with  1000 
times  its  weight,  the  liquor  when  heated,  though  not  pro- 
perly coagulated,  becomes  opaque  *. 

Albumen  is  dissolved  by  the  alkalis.  Its  solution  by  am- 


*  Bostock,  Nicholson's  Journal,  vol.  xi.  p.  24)7. 
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monia  proceeds  slowly,  and  is  completed  only  in  the  course 
of  several  months.  The  solution  is  in  the  form  of  a  viscid 
pulp,  porous,  and  of  a  much  greater  volume  than  the  ori- 
ginal albumen.  Pure  potash  or  soda  dissolves  it  with  fa- 
cility even  in  the  cold :  a  quantity  of  ammonia  is  disen- 
gaged during  the  solution  ;  a  grey  powder  is  precipitated, 
and  the  liquor  is  of  a  dark  brown  colour. 

Acids  dissolve  albumen.  In  the  concentrated  sulphuric 
acid,  the  solution  goes  on  slowly,  and  is  completed  in  a 
few  days.  In  the  nitric  acid  the  mutual  action  is  more  ra- 
pid ;  it  can  scarcely,  however,  be  termed  a  solution  :  a 
large  quantity  of  elastic  fluid  is  discharged,  and  an  oily- 
like  matter  is  precipitated,  soluble  in  alkohol. 

Albumen,  when  decomposed  by  heat,  affords  the  usual 
products  of  animal  matter.  It  also  contains  sulphur.  The 
effect  of  the  white  of  an  egg  in  blackening  silver  has  been 
long  known  i  and  Parmentier  and  Deyeux  found,  that  on 
triturating  albumen  with  a  solution  of  silver,  and  digest- 
ing it  in  water  with  a  gentle  heat,  sulphuret  of  silver  is 
formed.    Its  residuum  affords  phosphate  of  lime. 

In  the  analysis  of  animal  matter,  it  is  of  considerable 
importance  to  have  tests,  by  which  minute  quantities  of 
albumen  may  be  detected,  as  it  enters  largely,  as  an  imme- 
diate principle,  into  the  composition  of  many  animal  pro- 
ducts. The  corrosive  muriate  of  mercury  is  one  of  the 
most  delicate,  and  at  the  same  time  the  most  accurate.  If 
a  very  small  portion  of  the  albumen  of  an  egg,  which  has 
been  previously  mixed  with  two  parts  of  water,  be  added 
to  a  large  quantity  of  water,  on  adding  a  few  drops  of  the 
solution  of  the  corrosive  muriate,  a  milkiness,  and  at  length 
a  precipitate,  is  occasioned.  Dr  Bostcck  found,  that  by 
this  test,  albumen  diluted  with  2000  times  its  weight  of 
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water,  was  detected.  The  acetate  of  lead,  (Goulard*s  ex- 
tract), and  the  nitrate  of  silver,  likewise  precipitate  it,  but 
they  are  not  such  useful  tests,  as  they  act  also  on  other 
varieties  of  animal  matter,  which  the  muriate  of  mercury 
does  not  *.  A  solution  of  tannin  produces  with  it,  slow- 
ly, a  yellow  precipitate. 

When  albumen  has  been  coagulated,  its  properties  are 
considerably  changed.  It  is  no  longer  soluble  in  water  : 
by  drying  it  becomes  brittle,  hard,  and  semi-transparent, 
as  Mr  Hatchet,  who  has  examined  it  in  this  state  f,  has 
remarked.  Digested  in  water,  it  becomes  soft,  but  it  does 
not  soon  suffer  any  farther  change.  It  is  changed  by  the 
action  of  the  acids.  Nitric  acid,  in  particular,  appears,  from 
Mr  Hatchet's  experiments,  to  convert  it  into  a  matter  ana- 
logous to  gelatin.  The  alkalis  dissolve  it,  at  the  same 
time  decomposing  it  and  causing  a  formation  of  ammonia. 

Albumen  exists  not  only  in  the  blood,  but  forms  a  con- 
stituent part  of  many  of  the  soft  solids.  From  Mr 
Hatchet^s  experiments,  it  appears  to  form  the  basis  of  car- 
tilage, shell,  horn,  and  hair,  and  it  enters  into  the  compo- 
sition of  membrane,  muscular  fibre,  and  bone. 

If  the  coagulated  mixture  obtained  by  the  action  of  hear 
on  serum,  be  gently  pressed,  there  flows  from  it  a  liquor 
somewhat  turbid,  named  the  Serosity  •,  it  may  be  diluted 
with  water  and  rendered  clear  by  filtration.  If  it  be  made 
to  boil  gently,  on  cooling  it  becomes  gelatinous,  its  con- 
sistence being  more  or  less  firm,  according  to  the  quan- 
tity of  water  that  had  been  used  in  its  dilution. 

By  this  experiment,  then,  we  discover  the  existence  of 


*  Nicholson's  Journal,  vol.  xi.  p.  217. 

f  Philosophical  Transactions,  1800,  p.  376. 
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another  proximate  principle  in  serum, — of  a  substance 
whicli  is  soluble  in  water,  and  which  does  not  separate 
from  that  fluid  on  being  heated,  but  forms  with  it  a  solu- 
tion of  a  gelatinous  consistence.  By  modern  chemists, 
this  substance  has  been  named  Gelatin,  and  it  forms  a 
principal  part  of  many  of  the  animal  solids,  particularly  of 
those  that  are  membranous.  It  is  from  its  presence,  that 
the  decoctions  of  animal  matter,  when  of  a  certain 
strength,  become  gelatinous.  The  skin,  cartilages,  ten- 
dons, and  the  white  solids  in  general,  are  principally  com- 
posed of  it  ;  and  decoctions  of  these,  when  the  oily  matter 
has  been  separated,  afford  it  in  nearly  a  pure  state,  for  the 
purpose  of  experiment.  Glue,  which  is  used  in  the  arts, 
on  account  of  its  adhesive  property,  and  is  prepared  by 
boiling  these  substances  strongly  in  water,  is  solid  gelatin  ; 
and  isinglass,  prepared  from  the  membranous  parts  of  the 
sturgeon,  is  the  same  principle  in  a  pure  form. 

Gelatin  is  discovered  in  the  serosity,  not  only  by  the  pro- 
perty of  forming  a  jelly  by  decoction,  but  likewise  by  ap- 
pearances produced  by  re-agents.  If  the  infusion  of  galls 
or  any  vegetable  containing  tannin  he  added,  a  flocculent 
yellow  or  brown  precipitate  is  formed  ;  and  the  proof  that 
this  is  owing  to  the  gelatin  contained  in  the  serum  is,  that 
the  appearance  is  the  same  as  is  produced  by  the  addition 
of  the  same  re-agent  to  a  solution  of  pure  gelatin.  Tan- 
nin is  by  far  the  most  dehcate  test  of  gelatin.  One  part 
dissolved  in  5000  of  water  was  found  by  Dr  Bostock  to 
be  discovered  by  the  turbid  appearance,  and  even  the  pre- 
cipitation, produced  by  the  infusion  *.    To  render  it  ac- 


*  Nicholson's  Journal,  vol.  xi.  p.  150, 
Vol.  IV.  Kk 
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curate,  it  is  necessary  to  attend  to  the  circumstance,  tfiat 
tannin  likewise  produces  a  precipitate  with  albumen.  This, 
however,  is  much  less  evident  :  and  the  distinction  be- 
tween them  is  easily  establisiied  by  the  use  of  other 
tests.  Thus,  a  solution  of  corrosive  muriate  of  mer- 
cury, or  of  that  form  of  acetate  of  lead  known  by  the  name 
of  Goulard's  Extract,  does  not  affect  gelatin,  while  it  ren- 
ders the  solution  of  albumen  immediately  turbid. 

The  proportion  of  this  principle,  necessary  to  give  to 
water  the  gelatinous  consistence,  appears  to  be  less  than  one 
part  of  gelatin  to  150  of  water.  Even  when  the  consis- 
tence is  most  firm,  the  whole  becomes  liquid  when  the 
temperature  is  raised,  and  again  gelatinates  as  it  cools. 

Alkohol  precipitates  gelatin  from  the  serosity  i  but  o« 
heating  the  mixture,  the  gelatin  is  re-dissolved. 

The  acids  dissolve  gelatin  readily,  and,  at  the  same  time, 
decompose  it.  Nitric  acid  disengages  a  portion  of  nitro- 
gen, less  considerable,  however,  than  what  is  yielded  by 
some  other  animal  substances  from  the  same  treatment  : 
oxalic  acid  is  also  formed,  with  a  little  oily  matter.  Sul- 
phuric acid  chars  it.  Oxymuriatic  acid,  transmitted  in  the 
state  of  gas  through  a  solution  of  it  in  water,  converts  it 
into  a  white  concrete  matter,  not  soluble  in  water,  and 
which  Lagrange  considered  as  gelatin  oxygenized  *. 

The  alkalis  dissolve  gelatin.  The  solutions  of  barytes, 
lime,  and  strontites,  produce  in  its  solution  a  milkiness, 
owing,  according  to  Foufcroy,  to  the  precipitation  of  a 
phosphate.  Some  of  the  metallic  oxides  communicate 
oxygen  to  it  *,  and  a  number  of  the  metallic  salts  cause  pre- 
cipitates to  fall  from  its  solution. 


*  Nicholson'i  Journal,  vol.  xiii.  p.  209. 
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Gelatin  is  decomposed  by  heat.  It  affords  carburetted 
hydrogen  and  carbonic  acid  gases,  carbonate  of  ammonia, 
and  empyreumatic  oil,  the  residual  charcoal  containing 
phosphate  of  lime.    It  is  very  liable  to  putrefaction. 

If  the  liquor  remaining  after  the  albumen  and  gelatin 
have  been  separated  from  the  serum  be  examined,  it  is 
found  to  be  little  more  than  a  solution  of  certain  saline 
substances.  Of  these  the  principal  is  soda  ;  and  as  no 
effervescence  is  produced  on  the  addition  of  an  acid,  it  is 
concluded  to  exist  in  the  serum  pure,  or  not  combined 
with  carbonic  acid.  Muriate  of  soda,  phosphate  of  soda, 
and  phosphate  of  lime,  appear  to  exist  in  the  serum  in 
smaller  quantity,  and  are  discovered  by  the  precipitates 
produced,  by  peculiar  tests,  and  particularly  by  the  nitrates 
of  silver  and  mercury.  When  a  solution  of  nitrate  of  mer- 
cury is  added  to  it,  a  red  coloured  precipitate  is  formed, 
which,  according  to  Fourcroy,  is  principally  phosphate  of 
mercury. 

Such,  then,  is  the  composition  of  the  serum  of  the  blood, 
as  indicated  by  a  very  simple  analysis.  It  is  composed  of 
two  distinct  principles,  albumen  and  gelatin,  dissolved  in 
water,  which  likewise  holds  in  solution  pure  soda,  with 
muriate  and  phosphate  of  soda,  and  phosphate  of  lime. 

From  the  composition  and  properties  of  these  several 
products,  we  perceive  the  nature  of  the  changes  which 
the  serum  exerts  upon  certain  chemical  agents,  or  suffers 
from  them.  Thus,  from  the  soda  it  contains,  it  changes 
the  vegetable  colours  to  a  green  i  it  gelatinizes  from  eva- 
poration ;  it  is  coagulated  by  heat,  by  alkohol,  and  acids, 
from  the  coagulability  of  the  albumen  *,  it  is  rendered  thin- 
ner by  the  alkalis,  from  the  solvent  power  they  exert  on 
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the  albuminous  matter ;  gives  a  copious  precipitate  witft 
tatinin,  from  the  combination  of  that  principle  both  with 
its  gelatin  and  albumen     it  reduces  several  of  the  metal- 
lic oxides  when  digested  with  them,  and  passes  itself  to 
the  solid  state,— a  change  probably  owing  to  its  albumen 
attracting  oxygen  ;  it  putrefies  on  exposure  to  heat,  from 
the  spontaneous  decomposition  of  its  principles^  especial- 
ly of  its  gelatin,  which  is  even  more  disposed  to  putrefac- 
tion than  the  albumen.    And  when  decomposed  by  heat> 
it  affords  carbonate  and  prussiate  of  ammonia,  with  an 
empyreumatic  oil,  carburetted  and  sulphuretted  hydrogen 
gases,  with  carbonic  acid  gas  •,  its  residuum  being  char- 
coal, containing  the  salts  which  have  been  already  men- 
tioned as  being  dissolved  in  this  fluid. 

The  properties  of  the  Crassamentum,  or  solid  coagulum 
of  the  blood,  are  next  to  be  considered. 

This  is  of  a  dark  red  colour  :  by  exposure  to  atmosphe- 
ric air,  or  to  oxygen,  it  acquires  a  more  florid  red  hue, 
and,  on  the  contrary,  it  becomes  darker  on  being  exposed 
to  hydrogen,  carbonic  acid,  or  indeed  any  other  gas,  car- 
buretted hydrogen  excepted,  which  like  oxygen  gives  it  a 
more  vivid  colour.    In  all  these  cases,  the  gas  by  which 
the  change  is  effected  seems  to  be  absorbed,  th.ough  not  in 
considerable  quantity.    1'hese  changes  take  place,  even 
when  the  coagulum  is  covered  with  serum.   Tlie  change 
of  colour  is  confined  nearly  to  the  surface    the  crassamen- 
tum, when  rendered  flovid  by  exposure  to  oxygen,  appear- 
ing of  a  dark  colour  internally,  when  cut  into. 

The  crassamentum  exposed  to  the  air  does  not  imme- 
diately putrefy  :  it  retains  its  colour  and  consistency  for 
several  days,  if  the  temperature  of  the  air  is  not  high.  U 


OF  THE  BLOOD.  517 

it  be  exposed  to  a  moderate  warmth,  it  is  dried  :  it  retains 
its  dark  red  colour,  and,  if  kept  in  a  dry  place,  may  be 
preserved  for  a  long  time  without  decomposition. 

The  coagulum  still  retains  in  its  substance  a  quantity  of 
serum,  which  gives  it  particular  properties.  Thus,  if  it 
be  thrown  into  boiling  water,  it  renders  the  water  op-  - 
aque,  from  the  coagulation  of  part  of  the  albumen  of  the 
serum  :  from  the  same  cause,  its  consistence  is  increased 
by  digestion  in  alkohol,  or  by  the  affusion  of  acids,  while 
the  alkalis  soften  and  dissolve  it.  Nitric  acid  dissolves  it, 
and  renders  it  black. 

The  crassamentum,  exposed  to  heat,  affords  the  same 
products  as  other  animal  sulTStances  i  and  the  charcoal, 
which  is  the  residuum,  contains  a  quantity  of  iron,  with 
salts  having  lime  and  the  alkalis  for  their  bases,  and  con- 
taining phosphoric  acid. 

After  noticing  these  general  properties  of  the  crassa^ 
mentum,  it  is  to  be  observed,  that  it  is  not  homogeneous, 
but  consists  of  two  principles  mixed  together,  or  very 
slightly  united.  These  are  easily  separable.,  If  the  crassa- 
mentum is  washed  with  water,  by  inclosing  it  in  a  linen 
bag,  immersing  it  repeatedly  in  water,  and,  at  the  same 
time,  pressing  it  gently,  the  water  acquires  a  deep  red  co- 
lour, and  there  remains  a  fibrous  matter,  nearly  perfectly 
white.     By  this  simple  analysis,  then,  the  crassamentum 
is  resolved  into  two  distinct  principles, — a  colouring  mat- 
ter, carried  off  by  the  water, -and  anotl^.<;r  solid  fibrous 
substance,  which  remains.   The  former  is  named  the  Co- 
louring Matter  of  the  Blood,  or  Red  Globuies ;  the  lat- 
ter, the  Gluten,  Coagulable  Lympli,  or  now  more  gencr 
rally  the  Fibrin. 
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The  colouring  matter,  from  microscopical  observations, 
has  been  supposed  to  consist  of  round  globules,  which 
some  have  even  imagined  to  be  organized.  It  is  soluble 
in  water,  but,  after  some  time,  a  deposition  takes  place 
from  this  solution.  At  the  temperature  of  170^,  it  like- 
wise loses  its  colour,  and  brown  flocculi  are  deposited. 

This  matter  seems  to  be  that  on  which  the  gases  act 
with  energy.  If  it  is  exposed  to  atmospheric  air,  or  oxy- 
gen, or  even  to  substances  capable  of  affording  to  it  oxy- 
gen, if,  for  instance,  oxide  of  mercury  is  diffused  through 
its  watery  solution,  it  acquires  a  florid  hue  :  if  exposed  to 
hydrogen  or  carbonic  acid,  it  is  said  to  become  of  a  brown 
or  dark  red  colour.  I  have  not  observed,  however,  any 
change  of  colour  by  passing  through  it  carbonic  acid  gas. 

The  eoagulum  formed  from  the  crassamentum  by  the 
heat  of  a  water-bath  may  be  dried,  so  as  to  be  rendered  pul- 
verulent. Alkohol  digested  on  it  in  this  state  dissolves  a 
small  portion,  and  assumes  a  red  colour.  The  acids,  if 
added  to  the  soft  crassamentum,  darken  it,  and  produce  a 
partial  coagulation.  The  alkalis  dissolve  it.  From  these 
properties,  it  appears  to  approach  to  albumen,  with  which 
some  principle  is  combined,  communicating  to  it  colour. 

This  principle  has  been  recognised  to  be  iron.  The 
existence  of  this  metal  in  the  blood  had  been  known  to 
chemists.  Menghini  discovered,  that  from  blood  dried  by  a 
very  gentle  heat,  it  could  be  extracted  in  a  magnetic  state. 
Bucquet  found,  that  the  colouring  matter  separated  from 
the  crassamentum,  dried  and  decomposed  by  heat,  gave  a 
residuum,  the  colour  of  which  depended  on  iron.  Sage 
supposed,  that  the  iron  existed  in  the  blood  in  combina- 
tion with  phosphoric  acid    and  Fourcroy  and  Vauquelln 
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iiave  given  experimentSj  by  which  they  suppose  this  to  be 
established,  if  the  colouring  matter  obtained  from  its  so- 
lution in  water  be  decomposed  by  heat,  a  residuum  of  a 
dark  re(l  colour  is  obtained,  amounting  to  0.0045  of  the 
blood  employed,  and  which  contains  some  foreign  matter 
besides  iron.  If  this  residuum  be  digested  in  nitric  acid, 
a  part  of  it  is  dissolved,  leaving  aiwther  part  more  red 
than  before.  Ammonia  poured  into  this  solution  affords 
a  white  precipitate,  which  when  treated  while  wet  by  pure 
potassa,  loses  weight,  and  assumes  a  dark  red  colour  ;  and 
lime-water  added  to  this  alkaline  solution  forms  a  preci- 
pitate of  phosphate  of  lime.  To  understand,  continues 
Fourcroy,  how  the  phosphate  of  iron  which  this  analysis 
shows  exists  in  the  blood  is  in  a  state  of  solution,  by 
means  of  the  soda  which  that  6uid  likewise  contains,  it  is 
necessary  to  remark,  that  this  compound  may  exist  in  two 
states  ;  the  one,  the  neutral  phosphate,  of  a  grey  colour, 
pearly,  insoluble  in  water,  and  soluble  in  acids, — the  o- 
ther,  sub-phosphate,  or  phosphate  with  an  excess  of  base, 
of  a  brownish  red  colour,  less  soluble  in  acids,  but  soluble 
in  alkalis.  It  is  in  this  latter  state  of  pliosphate  supersa- 
turated wi-th  oxide  of  iron  that  it  exists  dissolved  in  the 
blood, — a  state  in  which  it  is  maintained  by  the  action  of 
the  soda.  These  chemists  accordingly  found,  that  this 
sub-phosphate  of  iron  is  dissolved  in  the  serum  of  the 
blood,  or  in  the  white  of  an  egg,  even  without  heat,  and 
that  it  forms  a  strong  red  colour  similar  to  that  of  the 
blood.  A  little  pure  alkali  accelerates  this  solution,  and 
renders  its  colour  more  perfect  and  lively  *.   The  princi- 


*  System  of  Chemical  Knowledge,  vol.  ix.  p.  208. 
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pies  contained  In  the  colouring  matter  of  the  blood  seem 
to  exert  a  considerable  action  on  metallic  oxides.  Vau- 
quelin  found,  that  copper  was-easily  dissolved  by  it. 

According  to  the  view  novi'  given,  the  colouring  mat- 
ter of  the  blood  consists  of  albumen,  with  perhaps  a  por- 
tion of  gelatin,  united  with  soda,  and  sub-phosphate  of 
iron.  From  its  decomposition  by  heat,  there  are  also  ob- 
tained some  other  saline  matters,  principally  phosphates 
and  muriates,  which  are  probably,  however,  not  very  es- 
sential to  its  composition. 

The  Fibrin  is  the  white  solid  matter  that  has  formed 
the  basis  of  the  crassamentum,  and  from  which  the  co- 
louring matter  is  carried  off  by  washing.  It  can  also  be 
obtained  from  the  general  mass  of  blood  itself,  by  agita- 
ting it  with  a  stick  in  an  open  vessel :  the  other  principles 
are  intimately  mixed  together,  and  the  fibrin  adheres  to 
the  stick.  It  also  forms  those  concretions  named  Poly- 
pi, which  are  found  in  the  vessels  of  animals  after  death  ; 
and  in  certain  diseases,  it  is  disposed  even  in' a  very  short 
time  to  separate  from  the  other  principles,  when  it.  gives' 
rise  to  the  appearance  named  the  Inflammatory  Crust,  or 
Buffy  Coat.  It  is  it  which  gives  to  the  blood  the  property 
of  coagulating  spontaneously.  It  is  contained  in  it  in  con- 
siderable quantity,  amounting,  according  to  Fourcroy  and 
Vauquelin,  at  ^  medium,  to  0.0028,  though  the  propor- 
tion varies  considerably.  It  is  also  contained  in  many  o- 
ther  of  the  animal  products,  as  in  the  muscular  fibre,  of 
which  it  forms  the  basis,  and  is  one  of  the  best  defined 
proximate  principles  of  animal  matter. 

Fibril!  is  a  solid  white  substance,  free  of  taste  or 
smefl,  of  a  fibrous  texture,  as  is  discovered  by  the  micro- 
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scope,  tough,  and  somewhat  elastic  :  it  hardens  and  con- 
tracts, on  exposure  to  a  very  moderate  heat,  and  becomes 
wrinkled  like  parchment.  It  is  insoluble  in  water,  except 
at  such  a  high  temperature  as  that  obtained  by  pressure  in 
Papin's  digester.  Moistened  with  water,  it  soon  softens, 
swells,  and  begins  to  putrefy  :  it  suffers  a  similar  change 
in  a  damp  atmosphere.  This,  however,  applies  only  to 
the  fibrin  of  blood,  which  has  probably  some  other  matter 
attached  to  it :  for  Mr  Hatchet  found,  that  fibrin  obtain- 
ed by  repeatedly  washing,  and  even  boiling  the  muscular 
fibre  with  water,  is  not  very  liable  to  putrefaction. 

Fibrin  is  dissolved  by  the  alkalis,  but  is  at  the  same  time 
decomposed.  Pure  potassa  or  soda  acts  upon  it  readily,  at 
the  common  temperature  of  the  atmosphere,  and  forms  a 
kind  of  soap  :  vapours  of  ammonia  are  disengaged  and  a 
greyish  matter  is  precipitated,  which  is  carbonaceous.  Am- 
monia requires  a  temperature  equal  to  170°,  to  enable  it 
to  act  on  the  fibrin  :  it  then  dissolves  it  with  facility. 

The  acids  exert  a  considerable  action  upon  fibrin.  Mu- 
riatic, acetic,  and  several  of  the  vegetable  acids,  dissolve 
it  i  the  solution  is  decomposed  by  the  alkalis,  and  even 
by  water ;  but  the  precipitate  has  no  longer  the  properties 
of  the  original  matter,  being,  in  particular,  soluble  in  wa- 
ter. The  sulphuric  acid  decomposes  it,  and  throws  down 
a  carbonaceous  powder,  and  forms  acetic  acid.  Nitric 
acid,  diluted  with  a  large  quantity  of  water,  disengages 
from  it  a  large  quantity  of  nitrogen  gas,  which  proceeds 
entirely  from  the  fibrin,  as  it  was  ascertained  by  Berthol- 
let,  who  first  observed  the  phenomenon,  that  the  acid  is 
not  decomposed.  The  residuum,  in  this  case,  is  princi- 
pally oxalic  acid,  with  a  small  portion  of  malic  and  acetic 
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acids,  and  a  portion  of  fatty  matter.  When  the  nitric 
acid  is  undiluted,  it  suffers  decomposition,  and  nitroua 
gas,  mixed  with  nitrogen,  is  disengaged.  The  action  of 
nitric  acid,  however,  on  fibrin,  is  much  diversified,  ac- 
cording to  its  dilution  and  state  of  concentration.  If  the 
action  be  slow,  the  fibrin,  as  Mr  Hatchet  found,  passes  in- 
to a  state  somewhat  analogous  to  gelatin  *.  If  heat  is  ap- 
plied, prussic  acid  is  formed  :  and  in  this  case  too  it  ap- 
pears, from  the  experiments  of  Fourcroy  and  Vauquelin 
on  muscular  fibre,  to  be  afterwards  stated,  that  a  peculiar 
principle,  yellow,  bitfer,  and  acrid,  is  formed. 

Fibrin,  exposed  to  heat,  is  soon  decomposed.  An  em- 
pyreumatic  oil,  of  a  very  offensive  smell,  first  distils  over, 
which  is  followed  by  carbonate  of  ammonia,  and  very  foe- 
tid gases,  which  are  probably  triple  compounds  of  hydro- 
gen with  nitrogen  and  phosphorus  ;  a  charcoal  remains, 
<lense  and  brilliant,  difficult  of  incineration,  and  contairi- 
ing  phosphate  and  carbonate  of  lime. 

The  three  principles  which  have  now  been  described  as 
existing  in  the  blood, — albumen,  gelatin,  and  fibrin,  and 
which  enter  so  largely  into  the  composition  of  animal  mat- 
ter, have  a  resemblance  in  their  properties  and  also  in 
composition  ;  but,  with  regard  to  both,  they  are  still  easi- 
ly distinguished.  Thus,  with  respect  to  properties,  inde- 
pendent of  other  material  differences,  there  is  one  simple 
character  which  serves  to  distinguish  them,  drawn  from 
the  manner  in  which  they  are  acted  on  by  water  :  gelatin 
is  soluble  in  cold  water:  the  solution,  when  evaporated, 
becomes  gelatinous    and  if  this  jelly  be  dried,  it  is  stiil 


*  Phi'o.ophicd  Transactions,  1800,  p.  391. 
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again  equally  soluble.  Albumen  is  likewise  soluble  In  wa- 
ter, but  whenever  the  temperature  is  raised  to  170^, it  se- 
parates by  coagulation,  and  this  coagulum  is  not  again  so- 
luble. Fibrin  is  clearly  distinguished,  by  being  entirely 
insoluble  in  water,  at  any  temperature,  under  a  common 
atmospheric  pressure.  The  modes  in  which  these  sub- 
stances are  acted  on  by  the  acids,  alkalis,  and  other  che- 
mical agents,  are  also  entirely  different. 

These  three  principles  likewise  differ  in  their  composi- 
tion ;  for  though  they  seem  to  consist  of  the  same  ultimate 
principles,  of  nitrogen,  hydrogen,  oxygen,  carbon,  phos- 
phorus, and  perhaps  sulphur,  yet  these  differ  in  their  pro- 
portions. The  difference  seems  to  be  principally  in  the 
proportion  of  nitrogen.  When  treated  by  nitric  acid,  ge- 
latin is  found  to  yield  the  smallest  proportion  of  nitrogen 
gas  :  albumen  more ;  and  fibrin  a  quantity  considerably 
larger  than  either.  It  seems,  therefore,  to  be  the  most 
animalized  product.  It  appears  also  to  contain  the  largest 
quantity  of  carbon,  as  the  charcoal  left  in  its  decomposi- 
tion by  heat  is  more  abundant,  according  to  Mr  Hatchet's 
observation,  than  that  from  albumen  or  gelatin.  Sulphur 
eeems  peculiar  to  the  composition  of  albumen. 

After  thus  pointing  out  the  immediate  principles  of 
which  the  blood  is  composed,  it  remains  to  state  the  che- 
mical properties  of  the  entire  fluid.  These  are  of  course 
derived  from  these  principles,  and  from  our  knowledge  of 
them  may,  in  general,  be  easily  understood. 

Blood  newly  drawn  is  perfectly  soluble  in  water,  or  it 
can  be  diffused  through  it  without  any  alteration,  and  this 
dilution  prevents  its  spontaneous  coagulation.  If  the  mix- 
ture, however,  be  heated,  flakes  separate,  consisting  of  the 
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albumen,  and  the  colour  is  changed  to  a  brown.  The  li- 
quor, separated  fron:i  the  coagulum,  yields,  according  to 
Fourcroy,  a  yellow  bitter  mztter,  by  evaporation. 

Acids  added  to  blood  immediately  dec»mpose  it ;  they 
render  its  colour  darker  and  brown,  and  produce  coagu- 
lation. The  nitric  acid  disengages  nitrogen  gas  ;  the  oxy- 
n:uriatic  acid  renders  it  p'-rfectlv  black.  The  alkalis,  in- 
stead of  coagulating  the  b'ood,  render  it  more  thin  and  li- 
quid, and  prevent  its  spontaneous  coagulation,  evidently 
from  their  solvent  power  on  the  albumen  and  fibrin.  The 
neutral  salts  frequently  alter  the  colour  of  blood,  and  a 
number  of  them  retard  its  cor^gulation.  The  metallic 
salts,  in  general,  decompose  and  coagulate  it ;  alkohol,  and 
even  some  of  the  vegetable  principles,  as  starch  and  gum, 
likewise  produce  coagulation :  tannin  thickens  it  and  ren- 
ders it  black. 

When  the  watery  part  of  the  blood  is  withdrawn  by 
gentle  evaporation,  a  mass  is  obtained  of  a  dark  brown  co- 
lour, which,  if  kept  in  a  humid  state,  soon  passes  into  pu- 
trefaction, and  evolves  very  offensive  products.  If  dried 
more  thoroughly,  it  is  obtained  in  the  state  of  a  black 
powder,  somewhat  unctuous,  and  which  in  a  dry  atmo- 
sphere may  be  preserved  with  little  alteration.  When  ex- 
posed to  heat  it  softens,  swells,  and  in  the  open  air  in- 
flames feebly,  exhaling  a  fostid  smoke.  The  products  in 
this  decomposition  are,  according  to  Fourcroy,  first  an 
ammoniacal  liquid  ;  secondly  carbonate  of  ammonia,  and  a 
dense  fcetid  vapour,  oily  and  inflammable  :  after  these  the 
vapour  of  prussic  acid  is  recognisable  by  its  smell,  and 
lastly  phosphoric  acid.  The  residuum  consists  of  oxide 
of  iron  nearly  reduced,  and  periiaps  in  the  state  of  carbu- 
ret, phosphate  of  lime  ar.d  muriate  of  soda. 
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When  the  decomposition  of  the  blood  by  heat  is  per- 
formed in  close  vessels,  there  first  distils  over  a  quantity 
of  water  of  a  faint  odour,  and  which  very  soon  becomes 
putrid  ;  when  urged  by  a  stronger  heat,  a  liquid  holding 
dissolved  carbonate  of  ammonia  mixed  with  oil :  this  oil 
comes  over  more  copiously  as  the  decomposition  proceeds, 
is  thick,  of  a  dark  colour,  and  foetid  ;  it  is  accompanied 
and  tollowed  by  carburetted  and  sulphuretted  hydrogen 
gases.  The  coal  which  remains  in  the  retort  is  spcngv, 
of  a  brilliant  semi- metallic  appearance,  and  difficult  of  in- 
cineration ;  it  contains,  along  with  charcoal,  iron  nearlv 
reduced,  phosphate,  muriate,  and  carbonate  of  soda,  and 
phosphates  of  iron  and  lime. 

The  preceding  chemical  history  of  blood  has  no  refer- 
ence to  the  different  states  in  whicji  it  exists  in  the  ani- 
mal system.  It  is  to  be  observed,  however,  that  there  are 
such  differences;  that  the  blood  in  the  arteries  of  an  ani- 
mal is  not  the  same  as  that  in  the  veins ;  and  the  nature 
of  this  difference  is  now  to  be  explained.  This  includes 
the  chemical  history  of  the  function  of  respiration,  by 
which  the  conversion  of  venous  to  arterial  blood  is  effect- 
ed. 

The  blood  which  returns  to  the  heart  by  the  veins, 
from  the  extremities  of  the  arteries,  is  of  a  dark  red  co- 
lour verging  to  purple.  When  received  into  the  right 
ventricle,  it  is  immediately  thrown  into  the  pulmonary 
artery,  and  is  thus  conveyed  to  the  lungs.  In  these  it  cir- 
culates through  extremely  minute  vessels,  over  a  surface 
which  it  has  been  calculated  is  at  least  equal  to  the  whole 
external  surface  of  the  body.    During  this  circulation,  in 
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which  it  is  exposed  to  the  atmospheric  air,  alternately- 
taken  in  and  thrown  out  by  respiration,  it  changes  its  co- 
lour, becoming  of  a  more  florid  red.  It  is  then  returned 
by  the  pulmonary  veins  to  the  left  side  cf  the  heart ;  is 
thrown  from  it  into  the  aorta,  and  distributed  through  the 
arteries  over  the  body.  In  the  arteries  it  still  preserves 
its  florid  red  hue  *,  but,  in  their  minute  extremities,  it  suf- 
fers a  change  opposite  to  that  which  it  had  sustained  in 
the  lungs :  it  acquires  the  purple  hue,  and  constitutes  ve- 
nous blood,  which  is  again  immediately  returned  to  the 
right  side  of  the  heart.  While  life  exists,  this  circle  is 
run,  and  these  reciprocal  changes  produced.  ' 

When  we  examine  chemically  the  properties  of  arterial 
and  venous  blood,  we  find  no  other  difl^erence  between 
them  than  that  of  colour.  They  contain  the  same  prin- 
ciples, and  are  subject  to  precisely  the  same  changes  from 
chemical  agents.  The  difference  of  colour,  however,  points 
out  some  difference  in  composition,  though  it  may  be  too 
slight  to  be  discovered  by  analysis  ;  and  when  we  examine 
the  phenomena  of  respiration,  which  are  intimately  con- 
nected with  the  change  of  venous  to  arterial  blood,  we 
find  that  such  a  difference  must  actually  exist. 

In  respiration,  a  quantity  of  atmospheric  air  is  received 
hito  the  lungs,  and  retained  for  a  short  time.  When  ex- 
pired, on  examining  it,  its  composition  is  found  to  be  al- 
tered. It  has  lost  a  considerable  part  of  its  oxygen,  and 
it  contains  a  quantity  of  carbonic  acid.  The  changes 
which  it  has  suffered  are  inseparably  connected  with  the 
conversion  of  the  venous  into  arterial  blood,  and  conse- 
quently must  be  accompanied  with  correspondent  changes 
in  the  composition  of  that  fluid. 


OF  THE  BLOOD. 

This  is  the  subject,  then,  which  is  to  be  considered, — 
the  chemical  changes  produced  in  the  blood  by  respira- 
tion, from  which  may  likewise  be  inferred  tiie  opposite 
change  which  it  suffers  in  the  extreme  vessels. 

Tlie  first  point  to  be  determined  on  this  important  sub- 
ject relates  to  the  changes  which  the  atmospheric  air  suffers 
'in  the  lungs, 

Dr  Black  had  observed,  that  the  air  expired  from  the 
lungs  contains  a  quantity  of  carbonic  acid,  as  was  evident 
from  the  milkiness  he  found  it  to  produce  when  transmit- 
ted through  lime-water.  Dr  Priestley  some  years  after- 
wards considered  respiration  as  analogous  to  what  he  nam- 
ed phlogistic  processes  in  general,  that  is,  to  processes  in 
which  oxygen  is  consumed  ;  the  air,  in  respiration,  being 
diminished  in  weight  and  volume,  and  being  no  longer 
capable  of  supporting  combustion  or  respiration.  Lavoi- 
sier soon  after  ascertained  with  more  accuracy,  that,  during 
respiration,  the  oxygen  of  the  inspired  air  is  in  part  con- 
sumed, and  that,  in  that  process,  carbonic  acid  is  formed. 

When  these  discoveries  were  made,  it  became  an  ob- 
ject of  importance  to  determine  with  accuracy  the  extent 
of  these  changes  ;  in  other  words,  the  quantity  of  oxygen 
consumed,  and  that  of  carbonic  acid  produced.  With  re- 
gard to  this,  however,  the  results  of  the  experiments  of 
different  chemists  have  been  extremely  discordant  ;  and 
there  are  peculiar  sources  of  fallacy  to  which  they  are 
subject,  which  it  is  difficult  completely  to  obviate,  the 
changes  themselves  being  liable  to  be  influenced  by  the 
state  of  the  circulation,  the  nature  of  the  food,  the  state  of 
the  assimilatory  organs,  and  the  temperature,  all  of  which 
it  is  not  easy  to  obtain  uniform.    The  experiments,  too, 


OF  TlJE  JjLOOJ). 


have  often  been  performed  in  an  improper  manner,  not  on 
natural  respiration,  but  on  air  repeatedly  inspired  ;  or  even 
by  confining  an  animal  in  a  quantity  of  air,  when  there 
was  not  only  this  source  of  error,  but  another  not  less  im- 
portant in  the  effects  of  cutaneous  transpiration. 

The  earliest  experiments  were  those  by  Crawford  and 
Lavoisier.  Crawford  found,  that  when  4-0.86  cubic  in- 
ches or  20.1  grains  of  carbonic  acid  gas  were  formed, 
56.86  cubic  inches  or  18.9  grains  of  oxygen  were  con- 
sumed *  ;  and  Lavoisier  obtained,  by  a  similar  experiment, 
a  result  not  far  different,  26  grains  (English  weight)  of 
carbonic  acid  being  produced,  when  23.2  grains  of  oxy- 
gen were  consumed  f  :  in  both  cases,  therefore,  a  larger 
proportion  of  oxygen  disappearing  than  was  necessary  to 
form  the  quantity  of  carbonic  acid  expired,  on  the  common 
calculation  of  the  composition  of  that  acid,  that  it  consists 
of  72  of  oxygen  and  28  of  carbon.  The  experiments, 
however,  were  made  in  the  exceptionable  manner  of  con- 
fining an  animal  in  the  air  respired,  and  cannot  therefore 
be  altogether  relied  on  as  indicating  the  proportions  of  the 
changes  in  natural  respiration. 

Dr  Goodv/in,  by  examining  the  air  received  into  the 
lungs  in  one  inspiration,  found,  that  when  twelve  cubic 
inches  were  breathed,  the  air  expired  had  lost  1.56  of 
oxygen,  while  it  had  acquired  1.32  of  carbonic  acid  ;  so 
that  when  11  parts  of  carbonic  acid  were  produced,  lii 
parts  of  oxygen  by  measure  were  consumed  ;  or,  for  the 
sake  of  comparison  with  other  experiments  stating  the 


*  Crawford  on  Animal  Heat,  p.  34-7. 
t  Annalfs  dc  Chimie,  torn.  v.  p.  261.. 
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consumption  of  oxygen  at  .100,  the  production  of  carbonic 
acid  was  to  the  extent  of  84;.6  *.  More  confidence  may 
be  placed  in  this  result,  as  it  is  free  from  the  sources  of 
error  to  which  the  preceding  experiments  are  liable, 
though  still  it  may  be  liable  to  fallacy,  from  the  small 
quantity  of  air  operated  on,  particularly  from  this  quan- 
tity being  not  the  whole  of  what  is  submitted  to  the  ac- 
tion of  the  blood  in  the  lungs  in  a  single  respiration. 

Priestley,  in  some  experiments  subsequent  to  those 
which  he  first  made  on  respiration  f,  found  the  proportion 
of  oxygen  consumed  to  that  of  carbonic  acid  formed  higher 
than  the  proportions  above  stated.  He  breathed  repeated- 
ly in  100  ounce  measures,  or  189.8  cubic  inches  of  atmo- 
spheric air:  the  volume  of  the  air  was  reduced  to  71  ounce 
measures  :  20.7  ounce  measures,  or  12.42  grains  of  oxy- 
gen had  disappeared,  and  6  cubic  inches,  or  4.4  grains 
only  of  carbonic  acid  were  found  in  tharesidual  air ;  this, 
according  to  the  usual  estimate,  contains  only  3.3  grains 
of  oxygen,  and  not  less  than  9.12,  therefore,  had  been 
farther  consumed.     The  difference  of  this  result  with 
those  of  others,  and  the  great  diminution  of  the  volume 
of  the  air,  must  render  the  accuracy  of  the  experiment 
doubtful ;  and  what  proves  this,  indeed,  is,  that  in  ano- 
ther experiment  only  7.8  of  oxygen  disappeared,  when  4.4 
of  carbonic  acid  were  formed.  Probably  from  the  repeat- 
ed forcible  inspiration  of  the  same  air,  a  quantity  had  been 
absorbed,  or,  at  the  concluding  expiration,  the  due  pro- 
portion had  not  been  thrown  from  the  lungs. 


*  Connection  of  Life  with  Respiration,  p.  51. 
f  Philosophical  Transactions,  vol.  Ixxx.  p.  108. 
Vol.  IV.  L  1 
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In  a  memoir  on  respiration,  in  the  Memoirs  of  the  Aca- 
demy of  Sciences  for  1789,  by  Seguin  and  Lavoisier,  it  is 
briefly  stated,  that,  from  experiments  by  the  former  che- 
mist made  upon  himself,  the  mean  consumption  of  oxy- 
gen in  respiration  is  at  the  rate  of  a  cubic  foot  an  hour, 
which,  in  the  course  of  twenty-four  hours,  amounts  to  2 
lbs.  1  oz.  1  dr.  and  that,  in  the  same  time,  the  quantity 
of  carbonic  acid  formed  is  equal  to  2  lbs.  5  oz.  4  dr.  which 
gives  a  proportion  of  100  of  oxygen  consumed  to  1 12  car- 
bonic acid  formed  *.  But  in  a  second  memoir,  in  the 
Transactions  of  the  Academy  for  1790,  a  different  result 
is  given  j  the  consumption  of  oxygen  by  respiration  is 
stated  at  a  little  more  than  22  cubic  feet  in  twenty-four 
hours,  (38.413  cubic  inches),  or  33  ounces  1  dr.  and  10 
grains  •,  while  the  quantity  of  carbonic  acid  formed  in  the 
same  time  is  stated  at  only  8  cubic  feet  6  cubic  inches,  or 
17  ounces  dr.  4  grains,  which  is  in  the  proportion  of 
100  of  oxygen  consumed  to  51.5  of  carbonic  acid  form- 
ed f.  Such  a  discordance  prevents  much  confidence  from 
being  placed  in  either  result,  and  as  the  account  given  of 
the  experiments  is  brief  and  imperfect,  owing  to  the  cir- 
cumstances under  which  it  was  drawn  up,  it  is  in  vain  to 
seek  to  reconcile  them  ' 

The  experiments  of  Mr  Davy  on  this  subject  were  made 


*  Ml  moires  de  I'Acad.  des  Sciences,  1789,  p.  577. 
t  Ibid.  1790,  p.  609. 

X  These  were  the  last  labours  of  Lavoisier.  He  fell  a  victim 
under  the  sanguinary  tyranny  o^"  Robespierre  ;  and  he  in  vain 
requested  a  short  time  to  enable  him  to  complete  these  impor- 
tant researches. 
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with  an  apparatus  well  adapted  to  measure  accurately  the 
volumes  of  the  air  operated  on ;  and  as  they  were  per- 
formed on  natural  respiration,  they  appear  scarcely  liable 
tp  any  source  of  error.  It  follows  from  them,  that  when 
31.6  cubic  inches  of  oxygen  are  consumed,  which  is  in 
the  course  of  respiration  for  a  minute,  26.6  cubic  inches 
of  carbonic  acid  are  produced,  or  the  consumption  of  the 
former  is  to  the  production  of  the  latter  as  ICQ  to  84.1  *. 

Some  years  ago,  and  prior  to  Mr  Davy's  experiments, 
I  performed  some  in  a  similar  manner,  of  which  I  read  an 
account  to  the  Medical  Society  of  Edinburgh  f .  A  large 
thin  varnished  bladder  was  furnished  with  a  stop-cock,  and 
by  a  little  practice,  I  acquired  the  facility  of  msipirmg  from 
the  external  atmosphere  and  into  the  bladder  ;  the  stop- 
cock connected  with  it  being  shut  at  the  inspiration,  and 
being  opened,  by  turning  it  with  one  hand  while  the  nos- 
trils were  closed  with  the  other,  at  the  succeeding  expi- 
ration. The  quantity  of  air  expired,  amounted  in  thirty 
seconds  to  ^265  cubic  inches:  by  transferring  a  portion  of 
it  through  quicksilver,  and  exposing  it  in  a  graduated  jar, 
to  a  solution  of  pure  potassa,  the  quantity  of  carbonic  acid 
it  contained  was  discovered  ;  and  from  this  the  quantity 
contained  in  the  whole  expired  air,  when  brought  to  the 
mean  atmospheric  pressure  and  temperature,  was  found  to 
amount  to  16.57  cubic  inches.  From  this  a  small  deduc- 
tion must  be  made,  for  the  quantity  of  carbonic  acid  gas 
previously  contained  in  the  air  inspired  j  the  precise  a- 
mount  of  this  it  was  not  easy  to  determine,  by  experiment. 


*  Researches  on  Nitrous  Oxide,  p.  ^S^. 
f  Records  of  the  Medical  Society,  for  1798. 
L  1  2 
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with  accuracy  :  but  it  may  be  supposed  to  be  about  equal 
to  the  above  fractional  parts,  and  the  real  quantity  may 
be  stated,  therefore,  at  16  cubic  inches.  The  oxygen  in 
the  residual  air,  after  the  carbonic  acid  had  been  abstract- 
ed, was  found,  by  various  eudiometrical  methods,  to  be 
equal  to  17.8  in  100  parts,  or  to  ^d'.l  cubic  inches  in  the 
whole  expired  air.  It  remained,  therefore,  in  order  to 
discover  what  quantity  of  oxygen  had  been  consumed,  to 
discover  the  quantity  contained  in  the  air  inspired.  But  as 
the  air  received  into  the  lungs  was,  from  the  manner  of 
making  the  experiment,  by  breathing  from  the  external  at- 
mosphere, not  measured,  the  quantity  of  it  was  inferred, 
from  the  quantity  expired,  adding  to  this  -^^  of  volume 
to  compensate  for  the  diminution  which  the  air  sustains 
in  respiration  *.  This  makes  the  quantity  of  air  inspired 
equal  to  270  cubic  inches  ;  and  this,  from  the  analysis  of 
the  air  of  the  room  in  which  the  experiment  was  made, 
contained  63.4  cubic  inches  of  oxygen.  But  the  expired 
air  contained  only  44'.  1  cubic  inches,  and  cbnsequently 
19.3,  or,  making  allowance  for  the  correction  requisite  to 
bring  it  to  the  standard  atmospheric  pressure  and  tempe- 
rature, 19  cubic  inches  of  oxygen  had  been  consumed.  It 

*  It  has  gent-rally  been  observed  by  those  who  have  made 
experiments  on  this  subject,  that  the  air  snfFers  a  diminution  of 
volume  in  respiration,  or  that  the  quantity  expired  is  not  exact- 
ly equal  to  the  quantity  inspired.  Lavoisier  stated  this  dimi- 
nution, when  the  animal  breathed  iu  oxygen,  at  and  in  at- 
mospheric air  at  -^-^  of  the  volume  ;  and  Dr  Goodwyn,.at  from 
To      -ss*  respired.  From  a  number  of  trials  it  ap- 

peared to  me  to  be  from  -^^^  to  -J^  ;  hence,  in  the  calculation  in 
the  text,  I  took  the  mean  number  of  j'-.  From  the  experi- 
ments of  Allen  and  Pepys,  however,  it  is  doubtful  if  any  real 
dimiiiution  takfe  place. 
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follows,  therefore,  from  these  experiments,  that  in  the 
course  of  a  minute  38  cubic  inches  of  oxygen  are  con- 
sumed, and  32  cubic  inches  of  carbonic  acid  formed,  or, 
stating  the  former  at  100,  the  latter  is  equal  to  84f.5.  The 
absolute  quantities  are  here  somewhat  greater  than  in  Mr 
Davy's  experiments,  which  might  happen  from  the  difFe- 
rent  volume  of  the  lungs,  the  rapidity  of  the  circulation, 
or  state  of  the  system  *  but  the  relative  proportions  a- 
gree  wfthin  two  or  three  fractional  parts,  with  those  both 
of  Davy  and  Goodwyn  ;  and  it  may  be  deserving  of  re- 
mark, that  these  three  series  of  experiments  which  thus 
correspond,  are  those  made  on  natural  respiration ;  while 
the  others,  all  made  in  a  different  manner,  present  very 
discordant  results. 

More  lately,  a  series  of  experiments  have  been  made 
on  this  subject  by  Messrs  Allen  and  Pepysf.  They  em- 
ployed an  apparatus  in  which  the  volume  of  the  air  re- 
spired could  be  measured  with  great  accuracy,  and  in 
which,  too,  a  large  quantity  (3  or  4000  cubic  inches) 
could  be  respired  ;  so  that  the  source  of  error  to  which 
experiments  on  a  smaller  scale  are  liable,  from  the  influ- 
ence of  the  residual  air  in  the  lungs,  is  much  diminished. 

In  preceding  experiments,  already  referred  to  under 
the  history  of  carbonic  acid,  these  chemists  had  found 
reason  to  conclude,  that  in  the  formation  of  that  acid  by 
the  combination  of  charcoal  with  oxygen  gas,  there  is  no 

*  The  absolute  quantity  of  oxygen  consumed,  is  nearly  the 
same  with  that  given  by  Dr  Menzies  :  he  states  it  at  36  cubic 
inches  in  a  minute. — Dissertatio  Inauguralis  de  Respiratione. 
Edin.  1790. 

f  Philosophical  Transactions  1808. 
L  1  3 
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change  of  volume,  the  volume  the  carbonic  acid  gas  occu- 
pies, being  exactly  that  which  the  oxygen  gas  filled.  To 
determine,  therefore,  the  relative  proportions  of  oxygen 
gas  consumed,  and  of  carbonic  acid  gas  formed  in  respi- 
ration, and  of  course,  to  ascertain  whether  a  portion  of 
oxygen  is  consumed  besides  what  is  necessary  to  form 
the  carbonic  acid  expired,  nothing  more  was  necessary 
than  to  determine  whether  the  volume  of  the  air  inspired 
experienced  any  change  in  the  lungs.    From  their  expe- 
riments, a  slight  diminution  appeared  to  be  produced  in 
the  air  by  respiration.    It  was  much  smaller,  however, 
than  that  observed  by  former  chemists  ;  and  they  consi- 
dered it  as  arising  entirely  from  the  difficulty  of  bringing 
the  lungs  into  the  same  state  at  the  end  of  the  experi- 
ment as  at  the  commencement.  A  forcible  expiration  in- 
to the  open  air  is  made,  so  as  to  empty  the  lungs  as  much 
as  possible  previous  to  the  first  inspiration ;  and  in  termi- 
nating the  experiment  with  a  similar  expiration  into  the 
gazometer,  there  must  be  some  resistance  from  the  appa- 
ratus, even  though  it  is  poised,  so  that  the  same  quantity 
exactly  might  not  be  thrown  out.    And  they  accordingly 
found  what  confirms  this,  that  when  the  experiment  was 
continued  for  a  long  time,  instead  of  the  diminution  con- 
tinuing to  bear  the  same  relative  proportion  to  the  quan- 
tity of  air  which  had  passed  through  the  lungs  in  that 
time,  it  had  become  less  ;  so  that  in  an  experiment  in 
which  the  respiration  continued  24^  minutes,  and  in  the 
course  of  which  9890  cubic  inches  of  atmospheric  air  had 
been  inspired,  the  expired  air  measured  9872,  or  there 
was  a  deficit  on  this  large  quantity  of  only  18  cubic  inches. 
The  important  result  therefore  appears  to  be  determined 
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by  these  experiments,  in  opposition  to  those  of  preceding 
chemists,  that  in  respiration  there  is  no  consumption  of 
oxygen  beyond  what  is  necessary  to  form  the  carbonic  a- 
cid  expired.  The  quantity  of  carbonic  acid  expired  must 
of  course  be  liable  to  some  variation  in  different  indivi- 
duals, and  under  different  circumstances :  it  is  greater, 
for  example,  in  a  given  time,  when  respiration  is  per- 
formed quickly  ;  in  this  case  they  found  the  quantity  to 
be  32  cubic  inches  in  a  minute  j  but  in  respiration  as 
nearly  natural  as  possible,  they  estimate  it  on  an  average 
at  26.6  cubic  inches,  at  the  temperature  of  50°,  and  the 
barometrical  pressure  of  SO.^.  And  as  oxygen  gas  oc- 
cupies exactly  the  same  space  when  converted  into  car- 
bonic acid  gas  as  it  does  in  its  pure  state,  this  of  course  is 
also  the  quantity,  estimated  by  volume,  of  the  oxygen 
consumed  in  the  same  time. 

These  experiments  agree  nearly  with  the  most  accurate 
of  those  formerly  made,  as  to  the  quantity  of  carbonic  a- 
cid  formed  in  respiration,  and  differ  only  in  the  result, 
that  there  is  no  diminution  of  the  air,  and  therefore  no 
oxygen  can  be  supposed  to  be  absorbed  into  the  system. 
There  can  be  no  doubt  but  that  the  source  of  error  which 
gave  rise  to  the  opposite  conclusion,  might  exist  in  expe- 
riments performed  on  a  small  scale  ,  and  that  it  is  best 
obviated  in  the  manner  of  performing  the  experiment  fol- 
lowed by  Messrs  Allen  and  Pepys.  As  after  all,  however, 
a  small  diminution  was  perceived  in  their  experiments ; 
and  as  also  in  respiration,  under  other  circumstances, 
they  allow  that  a  quantity  of  oxygen  is  absorbed  into  the 
system,  as  I  shall  have  immediately  to  state,  some  may 
still  be  inclined  to  maintain  the  position,  that  there  is 

LU. 
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such  an  absorption,  to  a  small  extent,  in  natural  respira- 
tion. 

The  air  expired  from  the  lungs,  always  contains  a  por- 
tion of  watery  vapour,  as  is  evident  from  its  condensation 
when  we  breathe  in  a  cold  atmosphere.  The  quantity  it  is 
difficult  to  estimate  with  accuracy.  Dr  Menzies  breathed 
into  a  large  allantoid,  which  had  been  weighed  in  a  deli- 
cate balance  ;  the  air  was  allowed  to  remain  in  it  for  some 
time,  to  allow  of  the  condensation  of  the  vapour,  and  from 
the  weight  the  allantoid  gained,  he  concluded,  that  2  grains 
of  watery  vapour  are  expired  in  a  minute.  Mr  Abernethy, 
by  breathing  into  a  glass  vessel  adapted  to  condense  the 
water,  found  the  quantity  equal  to  3  grains  in  a  mi- 
nute *.  In  the  series  of  experiments  of  which  I  have  given 
an  account,  I  endeavoured  to  determine  the  quantity,  by 
putting  a  quantity  of  acetate  of  potassa,  a  salt  very  deli- 
quescent, into  a  thin  bladder  with  a  stop-cock,  and  weigh- 
ing the  whole  in  a  delicate  balance,  then  breathing  into 
the  bladder  for  half  a  minute,  and  confining  the  expired 
air  seven  minutes  longer.  It  was  then  expelled,  and  the 
bladder  was  found  to  have  increased  in  weight  2  grains. 
The  acetate  of  potassa,  exposed  to  the  same  volume  of  the 
air  of  the  room  for  the  same  time,  increased  in  weight 
nearly  half  a  grain  and  hence  I  inferred,  what  exactly 
corresponds  with  Mr  Abernethy's  estimate,  that  3  grains 
of  watery  vapour  are  expired  in  a  minute. 

It  is  lastly  to  be  determined,  what  is  the  influence  of 
the  nitrogen  of  the  atmosphere  in  respiration  ;  'and  with 
regard  to  this  different  conclusions  have  been  formed. 


*  Physiological  Essays,  p.  14<1. 
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Lavoisier,  in  his  early  experiments,  considered  the  nitro- 
gen of  the  atmospheric  air  as  suffering  no  change  in  re- 
spiration *.  Priestley,  in  the  experiments  already  referred 
to,  in  which  he  breathed  the  same  air  repeatedly,  observed 
an  apparent  consumption  of  its  nitrogen  as  well  as  of  its 
oxygen,  14f  ounce  measures  having  disappeared  in  one  ex- 
periment in  which  100  ounce  measures  had  been  thus 
breathed,  and  a  similar  result  having  been  repeatedly  ob- 
tained. But  he  adds,  "  At  the  suggestion  of  Dr  Blagden, 
I  now  think  it  more  probable  that  the  deficiency  of  phlo- 
gisticated  air  (nitrogen  gas)  was  owing  to  the  greater  pro- 
portion of  it  in  the  lungs  after  the  process  than  before." 

Mr  Davy  afterwards  investigated  this,  and  concluded 
that  nitrogen  is  consumed  in  respiration.  He  found  in 
all  his  experiments,  that  a  quantity  of  it  disappeared  ;  this 
amounted  to  about  two-tenths  of  a  cubic  inch  at  each  na- 
tural respiration,  13  cubic  inches  being  the  quantity  of 
air  taken  into  the  lungs  ;  and  as  the  number  of  natural 
inspirations  amounted  in  a  minute  to  26  or  27,  it  follow- 
ed, that  in  that  time  5.2  cubic  inches  of  nitrogen  are  con- 
sumed,— a  result  which  was  confirmed  by  continued  re- 
spiration, as  well  as  by  the  respiration  of  animals  confined 
in  a  portion  of  air,  though  in  the  latter  case  the  quantity 
consumed  appeared  to  be  less  f . 

This  absorption  of  nitrogeit  in  respiration  appeared  to 
be  confirmed  by  some  other  experiments.  It  was  observed 
by  Dr  Henderson,  in  breathing  a  portion  of  air  repeatedly 


*  Memoires  de  I'Acad,  des  Sciences,  1777.    Memoireg  de 
la  Societe  de  Medecine,  1783. 
I  Chemical  Researches,  p.  434'. 
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from  and  into  a  gazometer  *  ;  and  it  seemed  likewise  to 
be  established  by  the  experiments  of  Pfaff  f . 

These  experiments,  however,  are  not  free  from  fallacy, 
particularly  those  where  the  same  quantity  of  air  was  re- 
peatedly breathed  ;  for,  as  Mr  Ellis  has  justly  observed 
the  respiration  as  it  proceeds  becomes  more  difficult  and 
laborious,  and  is  at  length  terminated  by  a  feeble  expira- 
tion, in  consequence  of  which  the  due  proportion  of  air 
is  not  thrown  from  the  lungs.  There  appears,  therefore, 
a  diminution  j  and  accordingly  it  is  stated  by  Pfaff,  that 
the  diminution  and  the  loss  of  nitrogen  is  always  greater 
the  longer  the  air  is  respired.  There  can  be  little  doubt, 
that  the  apparent  diminution  arises  from  this  cause;  and, 
accordingly,  in  the  experiments  of  Allan  and  Pepys  in 
which  this  source  of  error  was  avoided,  there  is  no  ap- 
parent consumption  of  nitrogen.  The  same  result  is 
stated  to  have  been  obtained  in  the  last  experiments  of 
Lavoisier  and  Seguin,  "  there  being  neither  any  disen- 
gagement, not  absorption  of  nitrogen  gas  during  respira- 
tion II ."  From  the  experiments  of  Vauquelin,  Spallan- 
zani  and  Ellis  it  also  appears,  that  there  is  no  sensible 
consumption  of  nitrogen  by  the  respiration  of  the  lower 
orders  of  animals,  while  there  is  the  usual  consumption  of 
oxygen  and  formation  of  carbonic  acid. 

It  now  remainb  to  take  a  view  of  the  theories  that  have 


*  Nicholson's  Journal,  vol.  viil.  p.  40. 

f  Ibid.  vol.  xii.  p.  2i9. 

:j:  Inquiry  on  Vegetation,  Respiration,  &c.  p,  114. 

|i  Memoires  de  I'Acad.  des  Sciences,  1789,  p.  374. 

i  Inquiry,  &c.  p.  87,  SS. 
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been  proposed  to  account  for  these  changes,  resuhing 
from  the  reciprocal  action  of  the  blood  and  the  air  in  re- 
spiration, and  by  which,  as  has  been  already  remarked,  the 
blood  is  at  the  same  time  converted  to  the  arterial  state. 

Dr  Priestley  considered  these  phenomena  as  owing  to 
the  disengagement  of  phlogiston  from  the  blood  in  the 
lungs,  and  its  combination  with  the  air  *,  a  theory  modi- 
fied and  rendered  more  comprehensive  by  Crawford. 
He  had  originally,  in  his  explanation  f,  adopted  the  term 
phlogiston,  and  supposed  the  blood  to  receive  this  principle 
in  the  extreme  vessels,  and  to  give  it  out  in  the  lungs.  In 
the  progress  of  the  science,  this  term  required  to  be  de- 
fined or  expunged ;  Crawford  substituted  hydrogen  for 
it :  but  as  the  combination  of  pure  hydrogen  with  oxygen 
in  the  lungs  could  not  account  for  the  production  of  car- 
bonic acid,  he  supposed  it  to  be  that  species  of  gas  which 
is  disengaged  from  vegetable  substances  by  heat,  the  hea- 
vy inflammable  air  of  the  older  chemists,  the  carburetted 
hydrogen  of  the  modern  nomenclature  p    This  hydro- 
carbon, as  it  was  named,  he  assumed  to  be  communicat- 
ed to  the  blood  in  the  extreme  vessels,  by  which  its  con- 
version from  the  arterial  to  the  venous  state  is  occasion- 
ed ;  in  the  lungs  he  concluded  it  to  be  given  out,  and  in  its 
nascent  state,  or  its  transition  to  the  elastic  form,  it  com- 
bined, he  supposed,  with  the  oxygen  of  the  air,  and  form- 
ed the  carbonic  acid  gas  and  watery  vapour  expired,  while 
the  blood  deprived  of  its  hydro-carbon  returned  to  the  ar- 


*  Philosophical  Transactions,  1776. 
f  Crawford,  on  Animal  Heat,  1779. 
Experiments  and  Observations  on  Animal  Heat,  2d  edition. 
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terial  state.  The  same  explanation  nearly  was  given  by  La- 
voisier, at  least  he  advanced  the  opinion  that  the  carbonic 
acid  gas  and  watery  vapour  of  the  expired  air  are  formed 
by  the  combination  of  carbon  and  hydrogen  from  the  blood 
with  oxygen  in  the  lungs. 

Lavoisier  had  also  suggested,  that  the  combination  of 
oxygen  with  carbon  might  take  place  in  the  course  of  the 
circulation  * ;  that  the  oxygen  which  disappears  in  respi- 
ration may  be  absorbed  by  the  blood,  while  carbonic  acid 
may  be  given  out  fully  formed.  This  hypothesis  was  af- 
terwards adopted,  and  endeavoured  to  be  established  by 
Hassenfratz  and  La  Grange  f .  They  observe,  that  ve- 
nous blood  exposed  to  oxygen  acquires  a  vivid  red  colour, 
which  soon  changes  to  a  purple  hue  •,  and  that  arterial 
blood  placed  in  vacuoy  or  in  contact  with  any  gas  which 
does  not  contain  oxygen,  quickly  assumes  the  dark  purple 
colour.  They  conclude,  therefore,  that  the  florid  red  co- 
lour of  the  blood  is  the  result  of  the  absorption  of  oxygen, 
while  the  xlark  venous  colour  arises  from  the  intimate  com- 
bination of  that  oxygen  with  a  portion  of  the  carbon  and 
hydrogen  which  the  blood  contains.  According  to  this 
theory,  oxygen  is  absorbed  by  the  blood  in  the  lungs,  re- 
mains in  the  arterial  blood  for  a  time  in  a  state  of  solu- 
tion or  loose  combination,  but  it  gradually  passes,  espe- 
cially in  the  extreme  vessels,  into  more  intimate  combina- 
tion with  carbon,  forming  carbonic  acid,  in  consequence 
of  which  the  blood  passes  to  the  venous  state  j  and  from 
this  venous  blood  the  carbonic  acid  is  disengaged  in  the 
lungs,  and  a  new  portion  of  oxygen  absorbed. 


f  Mcmoires  de  I'Acad.  des  Sciences,  1777,  p.  19L 
X  Annales  de  Chimie,  torn,  ix,  p.  261. 
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These  two  hypotheses  have  divided  the  opinions  of  phy-  ' 
siologists,  one  or  ether  of  them  being  embraced.  They 
are  both,  however,  defective  ;  their  principles  are  not  pro- 
ved, and  they  involve  suppositions  incompatible  with  the 
laws  which  appear  to  regulate  the  chemical  actions  that 
proceed  in  the  animal  system.  No  proof  is  given,  in  the 
system  of  Crawford,  of  hydro-carbon  being  communicat- 
ed to  the  blood  in  the  extreme  vessels;  nor  is  it  easy  to  ima- 
gine any  source  whence  this  principle  in  an  insulated  state 
could  be  derived  ;  for,  although  it  has  been  imagined,  both 
by  Crawford  and  Hassenfratz,  that  it  may  have  its  origin 
in  the  solid  parts  of  the  system  being  absorbed,  this  is  re- 
futed by  the  considerations,  that  this  absorption  is  per- 
formed, not  by  the  veins,  but  by  the  lymphatics ;  that  it 
is  not  sufficiently  uniform,  nor  limited  to  carbon  and  hy- 
drogen ;  that  to  whatever  extent  it  may  be  carried,  the 
blood  must,  in  a  state  of  health,  deposite  as  much  as  is  re- 
moved ;  and  that  there  is  no  evident  cause  by  which  the 
carbon  and  hydrogen  can  be  separated  from  the  other  ele- 
ments, and  be  brought  into  binary  combination.  And,  in 
the  theory  of  Hassenfratz,  though  it  were  granted,  that  a 
portion  of  oxygen  is  absorbed  by  arterial  blood,  there  is 
no  proof  that  this  is  combined  merely  with  carbon,  and 
that  carbonic  acid,  the  result  of  this  combination,  is  con- 
tained in  venous  blood.  We  have  even  proof  that  the  lat- 
ter supposition  cannot  be  just ;  for,  when  arterial  blood  is 
exposed  to  carbonic  acid  gas  until  its  colour  is  darkened, 
it  does  not  recover  its  florid  hue  from  subsequent  exposure 
to  oxygen  *,  and  is  therefore  not  venous  blood. 


*  Priestley,  Experiments  on  Air,  vol.  iii.  p,  ^63.  ■165, 
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Neither  are  the  changes  which  these  hypotheses  sup- 
pose, analogous  to  the  usual  chemical  operations  of  the 
animal  system,  or  sufficiently  connected  with  the  purposes 
which  the  blood  serves  in  its  circulation.  They  both  sup- 
pose, that  the  changes  which  the  blood  undergoes,  depends 
not  on  alterations  in  its  composition,  strictly  speaking,  but 
on  the  alternate  communication  and  abstraction  of  a  prin- 
ciple held  by  it  in  a  state  of  solution,  and  which  appears 
to  serve  no  purpose  in  the  animal  economy,  but  is  assum- 
ed merely  to  account  for  the  phenomena  of  respiration. 
The  supposition  itself  is  extremely  improbable.  When 
the  general  facility  of  combination  in  the  principles  of  ani- 
mal matter,  and  the  tendency  which  the  actions  of  the  ves- 
sels have  to  form  them  into  ternary  or  quaternary  princi- 
ples, are  considered,  it  can  scarcely  be  admitted,  according 
to  the  one  theory,  that  oxygen  should  be  absorbed  by  the 
blood  in  the  lungs,  without  immediately  altering  its  com- 
position ;  that  without  being  attracted  by  any  of  the  other 
principles  of  the  blood,  or  influenced  by  the  other  chemi- 
cal changes  going  on  in  the  system,  it  should  be  merely 
combined  with  carbon,  in  the  proportions  necessary  to 
form  carbonic  acid  ;  and  that  this  carbonic  acid,  without 
affecting  the  ultimate  composition  of  the  blood,  should  be 
carried  the  whole  length  of  the  venous  circulation,  and 
thrown  out  at  the  lungs.  It  is  equally  improbable,  ac- 
cording to  the  hypothesis  of  Crawford,  that  carbon  and 
hydrogen  should  be  brought  into  a  state  of  binary  combi- 
nation in  the  extreme  vessels,  and  should  be  held  merely 
dissolved  by  the  venous  blood,  until  acted  on  by  the  oxy- 
gen of  the  air  In  respiration. 

Still  less  are  the  changes  which  these  explanations  as- 
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sume,  connected  with  the  known  changes  which  the  blood 
suffers ;  for  no  relation  is  traced  bocwecn  the  process  of 
assimilation  or  of  secretion,  and  the  supposed  communi- 
cation of  hydro-carbon,  or  the  combination  of  hydro  car- 
bon and  oxygen,  in  the  extreme  vessels.  In  any  theory 
of  respiration,  the  conversion  of  arterial  into  venous  blood 
ought  to  be  considered  as  intimately  connected  with  the 
changes  constantly  carried  on  in  the  extreme  vessels ;  and 
this  conversion,  as  well  as  that  of  venous  into  arterial 
blood,  must  be  regarded  as  arising  from  changes  in  the  ul- 
timate composition  of  the  known  proximate  principles  of 
the  blood,  and  not  from  the  alternate  communication  and 
abstraction  of  a  principle  which  it  holds  dissolved  in  it,  or 
in  what  is  termed  a  state  of  loose  combination.  Accord- 
ing to  this  view  of  the  subject,  I  would  give  the  following 
explanation  of  these  phenomena. 

The  blood  is  the  source  whence  all  the  parts  of  the 
body  and  the  products  of  the  system  are  formed.  Its  ex- 
penditure is  constantly  supplied  by  the  chyle,  a  fluid  less 
completely  animalized  than  the  blood  itself.  The  pecu- 
liar character  of  animal  matter,  with  regard  to  composi- 
tion, is  a  large  proportion  of  nitro^-en,  and  a  diminished 
proportion  of  carbon.  It  may  therefore  be  inferred,  that 
in  the  extreme  vessels,  where  the  animal  solids  and  fluids 
are  formed,  the  general  process  will  be  the  separation 
from  the  blood  of  those  elements  of  which  animal  matter 
is  composed  ;  and  that,  of  course,  carbon,  which  enters 
more  sparingly  into  its  composirlon,  will  exist  in  the  re- 
maining blood  in  an  increased  proportion.  This  is  ac- 
cordingly the  general  nature  of  the  cojwersion  of  arterlul  in- 
to venous  blood.    Nitrogen,  hydrogen,        nthrr  elements. 
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are  spent  in  the  formation  of  new  products,  and  the  proxi- 
mate principles  of  the  blood,  probably  the  crassamentum 
chiefly,  remain  with  an  intreased  proportion  of  carbon.  In 
this  state  it  is  exposed,  under  a  very  extensive  surface,  to 
the  atmospheric  air  in  the  lungs,  the  oxygen  of  which  ab- 
stracts its  excess  of  carbon,  and  forms  the  carbonic  acid 
expired,  and  this  const'itntes  the  conversion  of  venout  into  ar- 
terial blood  *. 

There  is  little  reason  to  suppose,  that  any  combination 
of  the  oxygen  of  the  air  with  the  hydrogen  of  the  blood 
takes  place.  The  supposition  that  it  does,  and  that  this 
is  the  source  of  the  watery  vapour  expired,  originated  in 
the  hypothesis  of  Crawford,  which  supposed  hydro-carbon 
to  be  disengaged  from  venous  blood.  No  fact  has  been 
stated  in  its  support ;  it  is  a  combination  which  can  ap- 
parently serve  no  purpose  in  the  animal  economy;  for  hy- 
drogen exists  in  as  large  a  proportion,  (and  even  in  a  lar- 
ger), in  animal  as  in  vegetable  matter.  And  there  can  be 
no  doubt,  that  the  degree  of  evaporation  from  a  moist 
surface,  so  extensive  as  that  of  the  internal  surface  of  the 
lungs,  at  the  temperature  of  96'^,  is  adequate  to  account 
for  the  whole  of  the  watery  vapour  expired. 

We  thus  consider  the  conversion  of  arterial  into  venous 
blood,  as  intimately  connected  with,  or  rather  as  the  re- 
sult of  the  other  chemical  changes  going  on  in  the  system; 

*  Were  it  proved  that  a  portion  of  oxygen  disappears,  be- 
sides that  necessary  to  form  the  carbonic  acid  expired,  it  would 
be  necessary  farther  to  admit,  that  a  portion  of  oxygen  enters 
into  the  composition  of  arterial  blood,  to  support  the  actions 
of  the  system  ;  but  the  fact  with  regard  to  this  I  have  already 
stated  is  doubtful. 
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and  we  perceive  from  this  view,  the  final  purpose  of  the 
process  of  respiration.  In  the  extreme  vessels,  the  differ- 
ent constituent  principles  of  the  blood  are  expended  in 
the  nourishment  of  the  solid  fibre  ;  In  the  formation  of  thc^ 
secreted  fluids ;  and  in  the  support  perhaps  of  the  living 
powers.  Of  these  principles,  carbon  is  that  contained  in 
the  smallest  proportion,  in  these  solids  and  fluids ;  it  is, 
therefore,  that  of  which  there  is  the  least  expenditure,  and 
consequently  it  must  be  present  in  a  larger  proportion  in 
the  blood,  after  it  has  undergone  these  changes.  It  is  evi- 
dent, that  to  preserve  the  due  proportion,  and  prevent  it 
from  accumulating,  it  must  be  discharged  by  some  other 
process.  Hence  the  necessity  of  the  application  of  oxy- 
gen to  the  blood  in  the  lungs,  and  the  origin  of  the  car- 
bonic acid  which  is  uniformly  discharged. 

We  thus,  too,  trace  the  process  of  animalization  from 
tlie  reception  of  the  aliment  to  its  completion.  All  ani- 
mals live  directly  or  indirectly  on  vegetable  matter.  The 
principal  difference  in  the  composition  of  vegetable  from 
that  of  animal  substances  is,  in  the  former  containing  a  lar- 
ger proportion  of  carbon.  Respiration  is  the  function  by 
which  this  difi^erence  is  established.  The  aliment  recei- 
ved into  the  stomach,  is  soon  formed  into  a  fluid  capable 
of  assimilating  with  the  biood.  It  is  thus  conveyed  to  the 
lungs,  and  loses  part  of  its  carbon,  or  is  partially  anima- 
lized.  It  is  then  dislributed  through  the  system,  and,  in 
the  extreme  vessels,  along  with  carbon,  parts  with  so  much 
hydrogen,  oxygen,  nitrogen,  and  other  elements,  as  still  to 
leave  carbon  predominant.  By  tlicse  reciprocal  changes, 
the  conversion  of  vegetable  into  animal  matter  is  efl^ected. 

It  might  be  supposed,  that  in  any  view  such  as  that 

Vol.  IV.  M  m 
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whicli  has  been  now  given,  there  must  be  some  dilHculty 
in  conceiving  that  oxygen  gas  should  combine  with  car- 
bon with  so  much  facility,  at  a  temperature  so  much  low- 
er than  that  which  is  in  general  necessary  for  their  union, 
and  this,  too,  with  the  intervention  of  the  coats  of  the 
vessels  through  which  the  blood  circulates, — a  difficulty 
supposed  to  be  obviated  in  the  system  of  Crawford  and 
Lavoisier,  by  the  carbon  being  combined  with  hydrogen^ 
forming  an  elastic  compound,  with  which,  in  its  nascent 
state,  or  in  the  moment  of  its  disengagement  from  the 
blood,  the  oxygen  combined  ;  and  in  the  hypothesis  of  La- 
grange, by  the  combination  between  the  oxygen  and  car- 
bon being  gradually  formed  in  the  course  of  the  circula- 
tion.   On  attending,  however,  to  the  objection,  it  will  be 
found  to  have  no  real  force.    Although  carbon,  in  its  so- 
lid and  insulated  form,  requires  to  be  raised  to  a  high  tem- 
perature to  cause  it  to  combine  with  oxygen,  yet  when 
it  makes  part  of  a  ternary  or  quaternary  combination,  in 
which  state  its  cohesion  no  longer  opposes  the  combina- 
tion, it  is  abstracted,  and  combined  with  oxygen  at  any 
natural  temperature.    It  is  thus  that  many  of  the  vegeta- 
ble and  animal  substances,  when  humid,  are  altered  by  ex- 
posure to  the  air,  and,  as  has  been  already  often  remark- 
ed, carbonic  acid  formed.    Blood  irself  is  acted  upon  in 
this  manner.    It  suffers  a  change  precisely  similar  to  that 
which  it  undergoes  in  the  lungs,  and  this  more  or  less 
rapidly,  and  to  a  greater  or  less  extent,  according  to  the 
quantity  of  oxygen  present,  and  the  degree  of  agitation 
used.    Arterial  blood  was  exposed  by  Fontana  to  atmo- 
spheric air  for  three  minutes,  when  no  perceptible  altera, 
tion  was  occasioned  in  the  purity  of  the  air  ;  they  were 
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then  agitated  together  for  three  minutes  :  the  volume  of 
air  was  diminished,  and  its  purity  impaired.  When  oxy- 
gen gas  was  substituted  for  atmospheric  air,  the  alteration 
was  still  more  considerable,  its  purity  being  diminished 
even  when  agitation  was  avoided  ;  and  when  it  was  used, 
the  diminution  in  purity  and  volume  was  still  greater.  In 
all  these  experirhents,  carbonic  acid  was  also  produced 
They  therefore  prove,  that  oxygen  can  attract  carbon  from 
arterial  blood.  With  venous  blood,  the  formation  of  car- 
bonic acid  is  still  greater,  as  Luzuriaga  ascertained  f.  If 
therefore  oxygen  can  abstract  carbon  from  the  principles 
of  the  blood,  under  such  circumstances,  it  is  evident  it 
must  do  so  still  more  rapidly  during  respiration,  where  the 
circumstances  are  so  much  more  favourable,  where  there 
is  comparatively  a  high  and  uniform  temperature  kept  up, 
where  the  blood  is  exposed  on  an  extensive  surface,  and 
in  a  state  of  extreme  division,  and  where  that  surface,  as 
well  as  the  air  itself,  are  rapidly  renewed. 

Nor  can  it  be  supposed,  that  the  thin  membrane  which 
forms  the  coats  of  the  vessels  through  which  the  blood 
circulates  can  oppose  an  obstacle  to  this  reciprocal  action  ; 
for  it  is  known,  that  animal  membrane  much  more  dense 
than  this,  is  sufficiently  pervious  to  gaseous  fluids,  and, 
what  is  perfectly  in  point  in  the  present  case,  that  through 
such  membranesr  when  humid,  oxygen  can  act  on  blood, 
and  communicate  to  it  the  florid  colour,  the  same  as  when 
blood  is  freely  exposed  to  it.  Thus,  Dr  Priestley  found 
by  experiment,  that  if  a  quantity  of  black  blood  were  in- 
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closed  in  a  moistened  bladder,  which  was  tied  very  dose, 
on  hanging  it  in  a  free  exposure  to  the  ,  air,  it  acquired 
*<  a  coating  of  a  florid  colour,  as  thick  as  it  would  have 
acquired  if  it  had  been  immediately  exposed  to  the  open 
air;  so  that  this  membrane  had  been  no  impediment  to 
the  action  of  the  ain  upon  the  blood."  Mr  Hunter  men- 
tions a  similar  experiment :  "  I  covered,"  says,  he,  "  the 
mouths  of  vessels  filled  with  venal  blood  with  gold-beat- 
ers* skin,  touching  the  surface  of  the  blood,  and  the  blood 
constantly  became  of  a  florid  red  on  the  surface,  and  even 
for  some  depth  *."  It  follows,  from  these  facts,  that 
there  is  no  necessity  for  supposing  any  organic  structure 
by  which  these  changes  may  be  effected,  or  any  process 
by  which  the  carbon  requires  to  be  separated  from  the 
blood  and  discharged  ;  that  fluid  may  be  considered,  when 
circulating  in  vessels  so  fine,  as  exposed  to  the  action  of 
oxygen  nearly  as  if  no  membrane  were  interposed  :  a  part 
of  that  oxygen  approximated  to  the  blood  will  combine 
with  a  portion  of  its  carbon,  and  the  carbonic  acid,  the 
moment  it  is  formed,  will,  from  its  elasticity,  recede  and 
be  discharged.  The  whole  action  is  purely  chemical,  and 
precisely  the  same  as  that  whifh  is  exerted  between  air 
and  blood  out  of  the  body,  favoured  only  by  the  circum- 
stances of  exposure,  temperature,  and  agitation,  under 
which  it  takes  place. 

It  is  to  be  stated  as  important  fact,  independent  of  all 
theory,  that  the  changes  which  take  place  in  respiration  are 
much  Influenced  by  causes,  which  occasion  an  expenditure 
of  certain  principles  in  the  extreme  vessels.  Thus,  Dr  Craw- 


*  Treatise  on  the  Blood,  p.  62. 
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lord  established  by  experiment,  that  less  ovygen  Is  consu- 
med by  respiration  at  a  high  than  at  a  low  temperature  *  ; 
and  this  was  confirmed  in  the  experiments  of  Lavoisier  and 
Seguin  f   a  man  consuming,  at  the  temperature  of  51° ^ 
134^4-  cubic  inches  of  oxygen  in  an  hour,  while,  in  an  atmo- 
sphere  at  the  temperature  of  79°,  he  consumed  only  12 10 
cubic  inches.  Dr  Crawford  observed  also,  that,  in  an  animal 
placed  in  a  warm  medium,  the  venous  blood  approached 
to  the  arterial  in  colour ;  hence  it  appears,  that  the  high 
temperature  counteracts  those  chemical  changes  which  the 
blood  undergoes  in  the  extreme  vessels,  and  that  the  dimi- 
nution in  the  consumption  of  oxygen  by  respiration  is 
owing  to  this  cause,  and  not,  as  has  been  supposed,  to  the 
rarity  of  the  air  at  the  high  temperature.  If  the  consump- 
tion of  oxygen  were  diminished  from  the  latter  cause,  the 
blood  ought  to  be  even  more  completely  venous  than  usual. 
Ill  the  series  of  experiments  by  Lavoisier  and  Seguin,  was 
also  confirmed,  and  shown  with  perhaps  more  accuracy, 
what  however  had  formerly  been  known,  that  the  con- 
sumption of  oxygen  is  influenced  by  the  food  and  by  the 
state  of  digestion.    They  found,  that,  during  digestion, 
the  consumption  of  oxygen  was  increased  to  1800  or  1900 
cubic  inches  in  an  hour.    Kxercisc,  too,  increased  the 
proportion  consumed.    It  is  stated,  that  Seguin,  in  con- 
tinuing the  exercise  of  raising  a  weight  of  15  lbs.  to  a 
height  of  613  feet  during  a  quarter  of  an  hour,  consumed 
800  cubic  inches,  which  is  at  the  rate  of  3200  in  an  hour. 


*  Experiments  on  Animal  Heat,  p.  307. 
^  Mcmoircs  de  I'Acad.  des  Sciences,  1789,  p.  575. 
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And  the  same  exercise  made  during  digestion  occasioned 
a  consumption  equal  to  4600.  In  these  experiments  the 
result  rather  singular  appeared  to  be  established,  that  the 
greater  or  less  proportion  of  oxygen  in  the  air  breathed  has 
little  influence  on  the  quantity  consumed.  Thej^ound, 
that  whether  an  animal  breathed  pure  oxygen  gas,  or  a 
mixture  of  it  with  nitrogen  gas  in  various  proportions,  the 
quantity  consumed  was  the  same  *.  Lavoisier  had  even 
observed,  in  some  of  his  earlier  experiments,  that  less  oxy- 
gen is  consumed  when  it  is  breathed  pure  ;  and  this  also 
appeared  to  be  established  by  Mr  Davy's  experiments,  the 
consumption  being  only  28  cubic  inches  in  a  minute, 
when,  in  atmospheric  air,  it  amounted  to  31  :  and  this  was 
accompanied  with  a  diminution  in  the  formation  of  car- 
bonic acid  J  the  quantity  formed,  when  oxygen  was  breath- 
ed, amounting  only  to  1 1  cubic  inches,  while,  from  breath- 
ing in  atmospheric  air,  it  amounted  to  26  f .  Messrs 
Allan  and  Pepys  have  found,  however, '  that  in  breathing 
pure  oxygen  gas  more  of  it  is  consumed  in  a  given  time, 
and  more  carbonic  acid  formed,  than  in  breathing  atmo- 
spheric air  ;  they  farther  found,  in  this  case,  a  diminution 
in  the  gas  respired,  whence  they  infer  as  probable,  that 
when  oxygen  is  breathed  pure,  a  portion  of  it  is  absorbed, 
and  detained  in  the  system.  They  found  reason  to  con- 
clude, that  there  is  a  similar  absorption  of  oxygen  when 
the  same  portion  of  atmospheric  air  is  repeatedly  breathed. 

The  phenomena  of  respiration  are  nearly  the  same  in  all 
animals  :  they  all  require  oxygen,  and  expire  carbonic 

*  Memoires  de  TAcad.  des  Sciences,  1TS9,  p.  575. 
f  Researches,  p.  ^1-2. 
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acid ;  but  the  quantities  of  these  are  various  In  the  differ- 
ent orders.  In  warm-blooded  animaU,  the  changes  pro- 
ceed to  the  greatest  extent,  and  the  presence  of  oxygen  is 
most  indispensable  ;  and  among  these,  this  is  in  a  great 
jneasuj^  in  proportion  to  the  size  of  their  lungs.  In  the 
amphibia^  the  supply  of  air  is  less  indispensable,  as  they 
can  sustain  the  deprivation  of  it  longer,  though  they  still 
require  it,  and  produce  in  it  the  usual  changes.  Fishes 
die  in  water  deprived  of  air,  and,  according  to  Dr  Priest- 
ley, they  deteriorate  the  air  contained  in  the  water  in  which 
they  live  *.  And  the  experiments  of  Vauquelin  f ,  as  well 
as  the  extensive  researches  of  Spallanzani  Xi  have  demon- 
strated, what  had  before  been  more  or  less  accurately  ob- 
served, that  insects  and  worms  consume  oxygen,  and  form 
carbonic  acid,  though  life  in  these  animals  is  so  languid, 
and  remains  so  long  under  the  suspension  of  its  usual  func- 
tions, that  they  can  sustain  the  deprivation  of  oxygen  for 
a  longer  time  than  animals  of  the  other  classes. 

Connected  with  respiration,,  and  with  the  changes  which 
the  blood  suffers  in  that  process,  is  the  production  of  ani- 
mal heat ;  this  arising  from  changes  of  capacity  which  ac- 
company the  conversion  of  arterial  into  venous,  and  of  ve- 
nous into  arterial  blood. 

In  the  more  perfect  animals,  the  temperature  of  the 
body  is  uniformly  superior  to  that  of  the  surrounding  mcr 
dium.     Thus,  in  man  it  is  about  96*^ ;  and  it  remains  a* 


*  Experiments  on  Air,  vol.  iii.  p.  382. 
f  Annales  de  Chimie,  torn,  xii, 
X  Memoirs  on  Respiration. 

M  m  i 


5.52  OF  THE  BLOOD. 

this,  though  we  may  be  exposed  to  a  temperature  40,  50, 
or  100  degrees  lower.  It  is  evident,  therefore,  that  there 
exists  in  the  oystem  some  process  causing  a  constant  evo- 
lution of  caloric,  by  which  this  equable  and  comparatively 
high  temperature  is  preserved.  The  action  of  air  in 
respiration  is  demonstrated  to  be  the  source  of  this  evolu- 
tion ;  and  the  view  which  has  been  given  of  this  subject 
is  undoubtedly  the  most  perfect  application  of  chemistry 
to  physiology,  and  affords  even  the  most  perfect  elucida- 
tion which  we  yethave  of  any  functionofthe  living  system. 

Mayow  ascribed  the  production  of  animal  heat  to  the  ^ 
action  of  the  air  in  the  lungs  ;  but  his  opinion,  support- 
ed by  no  decisive  evidence,  was  little  regarded.  Dr 
Black,  from  observing  the  analogy  between  combustion 
and  respiration,  particularly,  that  in  both  processes  the 
air  undergoes  a  similar  change  •,  and  also,  observing  that 
in  different  animals  the  superiority  of  the  temperature  of 
their  bodies  over  that  of  the  surrounding  medium,  is  great- 
er the  larger  their  lungs  are,  and  the  more  air  they  con- 
sume ;  that  in  birds,  it  is  much  higher  than  in  quadru- 
peds, and  in  quadrupeds  than  in  aquatic  animals  ; — from 
these  observations  drew  the  conclusion,  that  respiration  is 
the  source  of  animal  heat.  It  is  to  Dr  Crawford,  how- 
ever, that  we  are  indebted  for  the  full  elucidation  of  this 
subject,  or  rather  for  the  theory  by  which  these  pheno- 
mena are  explained,  and  which  he  demonstrated  by  very 
extensive  and  laborious  investigations. 

From  the  changes  which  take  place  during  respiration 
in  the  air  in  the  lungs,  Dr  Crawford  proves,  that  a  large 
quantity  of  caloric  must  be  rendered  sensible.  Oxygen  is 
consumed,  and  carbonic  acid  formed.  But  we  kviow,  that 
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In  the  formation  of  carbonic  acid  from  the  combination 
of  oxygen  with  carbon,'  a  large  quantity  of  caloric  must 
be  extricated,'  since  the  capacity  of  the  carbonic  acid  is 
much  inferior  to  the  mean  of  the  capacities  of  the  carbon 
and  of^e  oxygen  gas. 

But  Dr  Crawford  at  the  same  time  ascertained  by  ex- 
periment, that  the  capacity  of  the  blood  changes  when  it 
is  converted  from  arterial  to  venous,  and  of  course  from 
venous  to  arterial :  the  difference  between  them  he  found 
to  be  as  1.030  to  0.892  ;  that  is  to  say,  supposing  the  ca- 
pacity of  water  for  caloric  to  be  1000,  the  capacity  of  ar- 
terial blood  will  be  rather  larger,  or  1.030,  while  that  of 
venous  blood  will  be  considerably  less,  or  only  892. 

On  these  facts,  Dr  Crawford  founds  his  doctrine  of 
animal  heat.  In  respiration,  a  quantity  of  oxygen  is  com- 
bined with  carbon,  so  as  to  form  carbonic  acid.  A  quan- 
tity of  caloric  must  be  extricated  in  consequence  of  this 
combination.  But  the  blood  is  at  the  very  same  time 
changed  from  venous  to  arterial,  pnd  by  this  change  ac- 
quires an  increased  capacity  for  caloric.  It  therefore 
takes  up  the  caloric  which  has  been  extricated  by  the 
combination,  so  that  any  rise  of  temperature  in  the  lungs 
which  would  be  incompatible  with  life  is  prevented.  The 
arterial  blood  is  carried,  in  the  course  of  the  circulation, 
to  the  extreme  vessels,  when  it  passes  to  the  venous  state. 
In  this  conversion,  its  capacity  for  caloric  is  diminished 
as  much  as  it  had  been  before  increased  in  the  lungs :  the 
caloric,  therefore,  which  it  had  taken  up  is  again  given 
out ;  and  this  slow  and  constant  evolution  of  caloric  in 
the  extreme  vessels  over  the  whole  body  is  the  source  of 
its  uniform  temperature. 
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It  is  this  view  of  the  changes  of  capacity  which  the 
blood  suffers,  which  forms  the  peculiar  feature  and  the  ex- 
cellence of  Crawford's  theory.  It  might  easily  have  been 
said,  that  respiration  is  the  source  of  animal  heat ;  and  the 
observation  of  a  few  analogies,  such  as  those  stated  by  Dr 
Black,  might  have  given  probability  to  the  assertion.  But 
it  must  always  have  been  difficult  to  conceive  how  this  heat, 
if  derived  from  this  source,  was  not  excessive  in  the  lungs, 
or  how  it  was  equally  distributed  over  the  body.  This  is 
fully  explained  from  the  changes  of  capacity  which  the 
blood  suffers  in  its  conversion  from  the  venous  to  the  ar- 
terial, or  from  the  arterial  to  the  venous  state, — changes 
too,  it  is  to  be  remarked,  not  hypothetically  assumed  to 
explain  the  pheiK)mena,  but  established  by  experiment. 
Yet  it  is  singular  how  much  this  has  been  misunderstood, 
and  how  often  the  objection  in  the  following  passage, 
which  I  quote  from  a  modern  systematic  writer,  has  been 
urged  by  physiologists  :  "  Si  la  chaleur  vital  tirait  sa 
source  unique  des  poumons,  elle  devrait  etre  dans  ces  or- 
ganes  incomparablement  plus  forte  qu'elle  ne  I'est  par 
tout  ailleurs ;  et  I'activite  de  cet  embrasement,  neces- 
saire  pour  echauffer  tout  le  corps,  irait  a  detruire  la  sub- 
stance des  parties  qui  en  seraient  le  foyer  The  same 
objection  has  even  been  urged  by  Lagrange  and  Hassen- 
fratz  f ,  who  ought  to  have  known  better  the  doctrine  of 
specific  heat. 

This  admirable  theory  has  been  confirmed  by  other  ex- 
periments, and  independent  of  the  direct  facts  upon.which 

*  Dumas,  Pri!icip;^s  de  Physiologic,  torn.  iii.  p.  555. 
t  Aniiales  de  Cliimie,  torn,  ix,  p.  2G6. 
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it  has  been  founded.  Dr  Crawford  himself,  and  afterwards 
Lavoisier  and  La  Place,  found,  that,  when  an  animal  is 
confined  in  a  vessel  contrived  so  as  to  measure  the  quan- 
tity of  caloric  which  it  gives  to  the  surrounding  medium 
in  a  certain  time,  and  the  quantity  of  oxygen  consumed 
by  the  animal  In  that  time,  this  quantity  of  caloric  corres- 
ponds nearly  to^the  quantity  evolved  from  the  combustion 
of  carbonaceous  matter,  such  as  wax  or  oil,  in  the  same 
quantity  of  oxygen.  It  has  been  found,  too,  that  what- 
ever increases  the  heat  of  the  body,  such  as  violent  exer- 
cise, or,  in  general,  whatever  augments  the  circulation,  in- 
creases the  consumption  of  oxygen  in  the  lungs. 

I  may  add,  that  this  explanation  of  the  production  of 
animal  temperature  is  independent  of  any  particular  theory 
of  respiration.  Whatever  may  be  the  nature  of  the  dif- 
ference between  venous  and  arterial  blood,  whether  the 
latter  contain  oxygen  or  not,  or  whether  the  former  hold 
in  solution  hydrq-carbon,  carbonic  acid,  or  any  other  prin- 
ciple, it  is  proved  by  experiment,  that  the  blood  in  these 
two  states  has  different  capacities  for  caloric;  and  on  this 
fact  the  explanation  of  the  origin  of  animal  temperature 
depends.  It  is  equally  important,  whether  the  combina- 
tion of  oxygen  with  carbon  be  supposed  to  take  place  in 
the  lungs  or  in  the  course  of  the  circulation  ;  since  from 
this  combination  the  carbonic  acid  expired  is  derived  ;  and 
therefore,  wherever  it  takes  place,  it  must  be  attended  with 
an  evolution  of  caloric.  The  explanation  according  to 
both  opinions  is  ultimately  the  same,  and  the  merit  of  the 
theory  remains  with  Crawford. 

When  an  animal  is  placed  in  a  medium,  the  tempera- 
ture of  which  is  considerably  high,  it  still  preserves  its 
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temperature  for  a  time  at  least  nearly  uniform  ;  the  ani- 
mal heat  not  rising  much  above  the  natural  standard,  as 
has  been  demonstrated  by  the  experiments  of  Tillet  *  and 
of  Fordyce  and  Blagden  f .  In  this  case,  it  has  been  as- 
certained by  the  experiments  of  Crawford,  that  the  usual 
change  of  arterial  into  venous  blood  does  not  go  on,  the 
blood  in  the  veins  being  nearly  as  florid  as  in  th^  arteries. 
It  is  evident,  therefore,  that  no  evolution  of  caloric  will 
take  place  and  it  is  even  possible,  that  the  temperature 
of  the  body  may  be  kept  low  by  the  blood  acquiring  an 
increased  capacity  for  caloric,  though  other  circumstances, 
particularly  the  imperfect  conducting  power  of  the  animal 
solids,  and  the  increased  perspiration,  have  a  share  in  the 
effect,  Dr  de  la  Roche  has  in  particular  shewn,  that  the 
loss  of  weight  from  the  profuse  perspiration  is  very  con- 
siderable, even  in  not  many  minutes  %  ;  and  the  transition 
of  so  much  fluid  from  the  body  to  the  state  of  vapour 
must  have  a  great  effect  in  counteracting  the  high  tempe- 
rature. 

Transpiration  is  a  function  analogous  to  respiration, 
and  ultimately  producing,  perhaps,  the  same  changes  in 
the  blood.  Carbonic  acid  gas  is  exhaled  from  the  skin  as 
from  the  lungs,  and  oxygen  consumed.  There  is  also  an 
exhalation  of  aqueous  vapour,  which,  when  augmented  by 
heat  or  exercise,  is  condensed  on  the  surface,  and  forms 
the  sweat.   Count  de  Milly  observed,  that  when  the  hand 


*  Memoires  de  I'Acad.  d^■s  Sciences,  torn,  xxxiii.  p.  S22. 
+  Philosophical  Transactions,  1775. 
%  Nicholson's  Journal,  vol.  xvii.  p.  215. 
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is  kept  in  warm  water,  a  quantity  of  air  is  disengaged 
from  the  surface,  which  is  carbonic  acid.  The  same  face 
was  established  by  the  experiments  of  Cruicksliank  *.  And 
Abernethy  and  J  urine  further  proved,  that  there  is  a  con- 
sumption of  oxygen.  The  former  chemist  exposed  his 
hand  to  seven  ounce  measures  of  atmospheric  air,  confined 
over  mercury  for  five  hours  ;  at  the  end  of  that  time  the 
air  had  diminished  in  volume  half  an  ounce  measure,  and 
by  agitation  with  lime-water,  one  ounce  more  was  absorb- 
ed, the  lime-water  being  rendered  milky ;  the  residual  air 
contained  one-sixth  less  oxygen  than  before  the  experi- 
ment. When  the  hand  was  exposed  to  the  air  for  nine 
hours,  the  quantity  of  carbonic  acid  gas  produced,  a- 
mounted  to  rather  more  than  an  ounce  measure,  and  the 
residual  air  contained  one-fourth  less  oxygen  than  before  f . 
Jurine  found,  that  on  fixing  bottles  containing  atmosphe- 
ric air,  to  the  surface  of  the  skin,  the  air  was  vitiated,  di- 
minished in  volume,  and  contained  carbonic  acid  J.  These 
changes  in  the  air  are  also  accompanied,  as  in  respiration, 
with  the  exhalation  of  watery  vapour.  Mr  Cruickshank, 
by  irftlosing  his  hand  in  a  glass  vessel,  the  orifice  of  which 
was  secured  by  being  tied  over  at  the  wrist  with  bladder, 
observed  that  the  glass  soon  became  dim,  and  drops  of 
water  were  condensed  on  its  surface.  In  this  way  about 
30  grains  of  water  were  collected  in  an  hour,  though  on 
repeating  the  experiment  the  quantity  was  sometimes 
much  less,  and  at  other  times,  especially  after  exercise, 


*  Cniickshaok  on  Insensible  Perspiration. 

f  Physiological  Essays,  p.  118. 

I  Mcmoires  de  la  Societe  de  Medccitip,  tojn. 


5J8  or  THE  BLOOD. 

was  greater  *.    It  is  known  also  to  be  much  augmented 
by  heat.     From  these  facts  it  is  apparent,  that  the  skin 
perforrrfs  functions,  with  regard  to  the  atmosphere,  the 
same  as  those  performed  by  the  lungs ;  and  they  are  pro- 
bably connected  with  similar  changes  in  the  blood  though 
it  appears,  that  the  effects  produced  by  the  air  on  the 
blood,  through  the  medium  of  the  skin,  are  less  con- 
siderable, owing  no  doubt  to  the  density  of  that  membrane, 
Lavoisier  and  Seguin,  in  their  researches,  endeavoured 
to  determine  what  proportion  the  changes  by  transpira- 
tion bear  to  those  by  respiration  f.    They  employed  a 
covering  of  silk  rendered  air-tight  by  being  coated  with 
a  varnish  of  caoutchouc,  and  adapted  to  the  body,  so  that 
the  products  by  the  skin  could  be  separated  from  those 
by  the  lungs.    By  taking  the  weight,  before  eiiterlng  the 
apparatus  and  after  leaving  it,  the  whole  loss  of  weight 
in  a  given  period  could  be  ascertained  ;  and  by  weighing 
a  few  moments  after  being  inclosed  in  the  apparatus,  and 
a  few  moments  before  withdrawing  from  it,  the  loss  of 
weight  from  respiration  alone  was  determined,  and  thus 
the  proportion  by  each  process  could  be  established.  The 
following  are  the  results  :  The  loss  of  weight  sustained 
by  an  individual,  not  under  any  unusual  bodily  labour, 
varies  from  1 1  grains  in  a  minute  to  32,  or  in  twenty-four 
hours  from  1  lb.  1 1  ounces  4-  drachms,  to  .5  lbs ;  this  in- 
cluding the  effects  from  transpiration  and  respiration. 
The  mean  loss  is  18  grains  each  minute,  1  ounce  7  drachms 


*  Experinvents  on  Insensible  Perspiration,  p.  69,  Sec. 
t  Memoires  de  I'Acad.  des  Sciences,  1790,  p.  GOl. 
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.*n  hour,  or  2  lbs.  13  ounces  in  twenty- four  hours  :  and 
in  separating  the  effects  of  each  of  these  functions,  of 
these  2  lbs.  13  ounces,  there  belong  to  cutaneous  transpira- 
tion 1  lb.  14-  ounces,  and  to  respiration  15  ounces. 
These  results  can,  however,  be  regarded  only  as  approxi- 
mations :  the  uncertainty  of  those  which  relate  to  respira- 
tion have  been  already  noticed  ;  and  with  regard  to  the 
general  effects  from  transpiration,  it  appears  from  the  ac- 
count given  by  Seguin,  that  the  watery  product  only  had 
been  attended  to,  and  that  there  had  been  no  estimate  of 
the  oxygen  consumed,  or  carbonic  acid  exhaled  by  the  skin. 

The  skin  appears  to  secrete  a  small  portion  of  acid,  as 
it  sometimes  is  capable  of  communicating  to  the  more  de- 
licate vegetable  colours  a  red  tinge,  and  distilled  water 
rubbed  on  it  is  rendered  turbid  by  nitrate  of  silver : 
when  this  secretion  of  fluid  is  more  copious,  it  is  sensibly 
acid.  Thenard  has  found,  that  the  free  acid  contained  in 
sweat  is  acetic,  and  with  this  are  present,  muriate  of  soda, 
and  minute  traces  of  phosphate  of  lime,  and  oxide  of  iron  *. 


SECT.  If. 

OF  THE  CIIYLK. 

The  food  digested  in  the  stomach,  passes  into  the  in- 
testinal canal  j  and  in  Its  progress,  there  is  separated  from 


*  Nicholson's  Journal,  vol,  xix.  p.  60. 
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it  by  the  absorbents  which  terminate  on  the  internal  sur- 
face of  the  canal,  a  white  liquor,  which  is  conveyed' by 
these  to  the  thoracic  duct,  and  ultimately  into  the  blood. 
This  is  the  Chyle, — a  fluid,  the  composition  of  which  is 
important,  as  it  is  from  it  the  blood  is  formed,  and  by  its 
medium  nutrition  conveyed,  but  which,  from  the  difficulty 
of  procuring  it,  has  not  been  ex;unined  with  that  attention 
its  importance  demands. 

Its  colour  is  white,  its  taste  is  sweet,  and,  as  has  been 
said,  somewhat  saline.  On  standing  it  is  affirmed,  thac 
a  cream  forms  on  its  surface,  and  also  that  it  coagulates. 
Halle  found,  that  after  it  had  been  exposed  to  the  air  for 
a  short  time,  it  assumed  a  gelatinous  form,  and  presented 
a  kind  of  firm  coagulum,  adhering  to  the  sides  of  the  ves- 
sel. Under  this  was  a  portion  of  liquid,  thin,  and  of  the 
colour  of  milk.  The  coagulated  mass  is  semi-transparent, 
and  has  a  light  red  tinge  *.  According  to  Fordyce,  be- 
sides this  matter  which  coagulates  spontaneously,  the  chyle 
contains  a  fluid  that  coagulates  by  heat  f .  , 

Very  discordant  results  have  been  obtained  from  expe- 
riments made  on  the  effect  of  substances  introduced  into 
the  stomach,  on  the  composition  and  properties  of  the 
chyle.  Colouring  matter  mixed  with  the  food,  appears 
sometimes  to  communicate  to  it  a  tinge,  sometimes  not. 
According  to  Lister,  it  receives  a  blue  colour  from  indigo 
received  into  the  stomach  ;  an  observation  confirmed  by 
Haller,  who.  did  not  find,  however,  any  effect  from  other 
substances,  which  had  likewise  been  said  to  give  it  colour. 


*  Fourcroy's  System,  vol.  x.  p.  91. 
f  Treatise  on  Digestion,  p.  121. 
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Dr  Fordyce  also  observed,  that  indigo  thrown  into  the  in- 
testines renders  the  chyle  blue,  and  that  musk  communi- 
cates to  it  a  strong  odour.  This  intermixture  of  substan- 
ces, however,  conveyed  by  the  stomach,  does  not  always 
happen.  It  has  been  found,  that  when  iron  is  mixed  with 
the  food,  no  traces  of  it  are  to  be  discovered,  by  the  test 
of  infusion  of  galls,  in  the  chyle  *  •,  and  this  has  been 
stated  as  an  argument  to  prove,  that  iron  is  not  derived 
from  without,  but  is  formed  in  the  animal  system. 


SECT.  III. 

OF  MILK.  SUGAH  OF  MILK.     SACCHO-LACTIC  ACID. 

Milk  is  the  fluid  designed  for  the  nourishment  of 
young  animals,  and  secreted  by  a  particular  glandular  ap- 
paratus in  the  mammce  of  the  female.  It  differs  in  its 
sensible  qualities  in  diiferent  animals,  but  its  chemical 
properties  appear  to  be  nearly  the  same.  These  have  been 
often  the  subject  of  investigation  ;  which  has  been  so  far 
successful,  that  the  proximate  principles  of  this  fluid  are 
now  known.  Besides  the  knowledge  of  it,  which  we  have 
received  from  the  older  chemists,  an  elaborate  examina- 
tion of  it  was  some  years  ago  undertaken  by  Parmentier 
and  Deyeux  f ,  and  more  lately  some  facts  have  been  ad- 
ded by  Lagrange  J. 

*  Treatise  on  Digestion,  p.  122. 
f  Experiences  sur  le  Lait. 
:|:  Nicholson's  Journal,  vol.  x.  p.  HI. 
Vol.  IV.  N  n 
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Milk  is  white  and  opaque,  its  taste  is  bland  and  sweet, 
its  smell  faint ;  its  consistence  is  somewhat  thick,  and  its 
specific  gravity  a  little  greater  than  that  of  water.  These 
qualities  vary,  however,  not  only  in  different  animals,  but 
likewise  according  to  the  diet  and  state  of  the  digestive 
organs,  and  even  according  to  the  period,  after  food  has 
been  taken,  at  which  the  milk  has  been  formed. 

When  milk  newly  drawn  is  allowed  to  remain  at  rest, 
it  suffers  a  slight  spontaneous  decomposition,  a  thick 
white  very  bland  fluid  collects  on  the  surface,  and  the 
liquid  beneath  is  more  watery.  This  change  has  been  as- 
cribed by  some  chemists  to  the  action  of  the  air  ;  but 
others,  particularly  Young,  have  asserted,  that  it  takes 
place  equally  when  the  air  is  excluded, — an  observation 
since  confirmed  by  Thenard.     This  seems  indeed  more 
probable,  since,  from  the  whiteness  and  opacity  of  milk, 
it  is  obvious  that  an  oily  fluid  is  diffused  through  a  watery 
one,  and  white  globules  are  even  discovered  in  it  by  the 
microscope.    It  is  these,  probably,  that  separate  sponta- 
neously when  the  milk  is  at  rest,  and  form  the  cream. 
'  The  Cream  is  a  substance  of  an  oily  nature,  and  when 
agitated  for  some  time,  separates  into  a  fluid  and  a  solid 
part,  the  latter  having  all  the  properties  of  a  concrete  oil. 
This  oily  substance,  then,  or  Butter,  is  the  first  proximate 
principle  which  a  simple  analysis  discovers  in  the  milk.  It 
is  bland  and  sweet,  but  becomes  rancid  on  exposure  to  the 
air.  By  distillation,  it  is  converted  principally  into  a  fluid 
oil,  and,  when  decomposed  by  heat,  affords  the  same  pro- 
ducts as  animal  fat.     The  cream,  therefore,  is  merely  a 
mixture  of  this  oily  matter  with  the  cheese  and  whey, 
which  form  the  other  parts  of  the  milk. 
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When  the  milk  is  allowed  to  stand  after  the  spontane- 
ous separation  of  the  cream,  it  begins  to  suffer  another 
change,  which  is  more  rapid  in  a  high  than  low  tempera- 
ture. It  first  becomes  acescent,  and  then  coagulates. 
When  this  coagulum  is  pressed  gently,  a  serous  fluid  is 
forced  out,  and  a  solid  dry  matter,  somewhat  elastic,  and 
insoluble  in  water  remains.  This  is  the  caseous  part  of 
milk,  or  the  pure  Cheese. 

This  change  appears  to  be  owing  to  the  formation  of -a 
small  quantity  of  acid  in  the  milk  on  standing,  which  re- 
acting upon  it,  separates  the  caseous  matter.  We  accord- 
ingly find,  that  acids  added  to  milk,  even  though  very 
weak,  immediately  coagulate  it :  many  other  substances 
have  the  same  effect,  as  several  neutral  salts,  especially 
those  containing  an  excess  of  acid,  alkohol,  sugar,  gum, 
the  gastric  juice  of  animals,  and  the  juices  of  several  ve- 
getables.   This  caseous  matter  is  also  separated  by  heat. 
If  milk  be  moderately  heated  in  contact  with  the  air,  a 
thin  pellicle  forms  upon  its  surface  :  if  this  is  removed,  or 
allowed  to  fall  to  the  bottom  of  the  vessel,  a  new  one  is 
formed,  and  this  continues  for  a  considerable  time.  Af- 
ter the  formation  of  them  has  ceased,  the  remaining  fluid 
is  thin  and  serous.     Parmentier  and  Deyeux  have  ascer- 
tained, that  these  pellicles  consist  of  a  matter  identical 
with  the  cheese.     The  separation  of  it  from  the  milk  is 
promoted  by  the  contact  of  the  air,  but  apparently  mere- 
ly by  its  mechanical  action,  and  not  by  any  chemical  ef- 
fect ;  since  its  separation,  they  found,  was  equally  promot- 
ed by  oxygen,  hydrogen,  or  carbonic  acid  gas. 

The  coagulum  separated  by  these  different  substances 
is  nearly  the  same  in  its  properties.  The  liquor,  however, 
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found  in  the  stomach  of  young  animals,  or  what  is  term- 
ed Rennet,  is  preferable  in  order  to  obtain  its  full  separa- 
tion. The  curd  that  is  formed  hj  adding  it  to  milk  mo- 
derately heated,  is  merely  the  caseous  matter  retaining  a 
portion  of  the  serum  or  whey,  which  can  be  easily  sepa- 
rated by  pressure.  The  coagulating  power  ,of  the  rennet 
was  ascribed  to_a  portion  of  acid  which  it  contained ;  but 
Young,  and  more  lately  Parmentier  and  Deyeux  have 
shown,  that  it  is  the  property  of  the  juice  itself,  since,  even 
when  an  alkali  is  added  to  it,  so  as  to  be  in  excess,  it  retains 
the  coagulating  power.  The  membrane  of  which  the  sto- 
mach is  composed  likewise  possesses  this  property,  and 
communicates  it  to  water  macerated  upon  it.  The  cause 
of  the  coagulation  is  not  well  understood. 

The  Caseous  matter  of  milk  is  a  white  or  greyish  sub- 
stance, somewhat  elastic  :  when  fresh,  it  is  nearly  insipid, 
but  becomes  acrid  on  keeping.  It  is  insoluble  in  cold  wa- 
ter, but  by  boiling  its  texture  is  destroyed.  If  exposed  in 
a  moist  state  to  the  air,  it  soon  putrefies.  If  the  moisture 
has  been  pressed  out  of  it,  and  especially  if  it  has  been 
dried  by  a  gentle  heat,  it  remains  long  unchanged. 

The  pure  fixed  alkalis,  dissolved  in  water,  and  assisted 
by  a  moderate  heat,  act  upon  the  caseous  matter  readily. 
It  is  dissolved,  and  at  the  same  time  ammonia  is  exhaled, 
probably  formed  by  the  combination  of  its  elements.  If 
an  acid  is  added  to  the  solution,  a  precipitate  of  a  dark  red 
colour  is  thrown  down,  and  a  smell  of  sulphuretted  hy- 
drogen is  perceived.  Silver  is  also  blackened  by  the  li- 
quor in  a  short  time.  Ammonia  is  likewise  capable  of 
dissolving  the  caseous  matter. 
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The  mineral  acids,  when  diluted  with  water,  effect  a 
solution  of  it,  but  not  completely.  The  vegetable  acids, 
particularly  vinegar,  dissolve  it  entirely,  and  with  more 
facility.    Nitric  acid  disengages  from  it  nitrogen  gas. 

The  caseous  matter  decomposed  by  heat  affords  an  em- 
pyreumatic  oil,  ammonia,  and  a  species  of  carburetted  hy- 
drogen. A  residuum  of  charcoal  is  obtained,  which,  when 
burnt,  affords  a  small  quantity  of  fixed  alkali,  and  also,  as 
Scheele  ascertained,  and  Lagrange  has  confirmed,  a  por- 
tion of  phosphate  of  lime. 

The  caseous  matter  must  be  admitted  as  a  principle 
differing  in  some  respects  from  any  other  animal  matter. 
It  seems  most  analogous  to  albumen,  as  it  is  soluble  in  a 
fluid  resembling  the  serum  of  the  blood,  and  as  it  is  coa- 
gulated by  heat.  In  several  other  of  its  properties,  it  is 
analogous  to  fibrin,  and  is  probably  intermediate  between 
these.  It"  is  the  most  animalized  product  of  the  milk,  and 
is  undoubtedly  that  which  is  most  nutritious.  The  dis- 
tinction must  be  noticed  between  this  pure  cheesy  mat- 
ter and  that  formed  from  the  milk  before  the  cream  is  se- 
parated. This  latter  kind  of  cheese  is  the  caseous  matter 
mixed  with  the  butter  j  and  in  the  different  kinds  of  cheese 
that  are  prepared  for  use,  the  qualities  depend  principally 
on  the  proportion  of  these  to  each  other. 

When  these  two  principles,  the  butter  and  the  cheese, 
liave  been  separated  from  the  milk,  there  remains  a  liquor 
named  the  Serum  or  Whey.  The  composition  of  this  is 
lastly  to  be  noticed. 

The  whey  has  a  yellowish  colour  and  very  slight  tena- 
city :  its  taste  is  bland  and  agreeable.  It  still  contains  a 
portion  of  caseous  matter,  which  is  separated  by  allowing 
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it  to  Stand  in  a  warm  place,  for  some  hours  :  it  then  be- 
comes acescent,  the  cheese  separates  in  filaments,  and,  by 
filtration,  the  whey  becomes  transparent. 

When  this  pure  whey  is  subjected  to  evaporation,  it  af- 
fords a  substance  of  a  granulated  saline  appearance,  of  a 
sweet  taste  and  a  yellowish  colour,  which,  by  solution  and 
filtration,  yields,  on  evaporation,  a  salt  of  a  white  colour, 
in  rhomboidal  crystals.  This  substance,  which  is  the  prin- 
cipal solid  matter  in  the  whey,  is  named  the  Salt  or  Su- 
gar of  Milk.  In  some  countries,  particularly  in  Switzer- 
land, it  is  prepared  in  considerable  quantity. 

This  substance  is  soluble  in  seven  parts  of  cold  and 
four  of  boiling  water.  It  is  decomposed  by  heat,  and  af- 
fords products  nearly  the  same  as  those  yielded  by  vege- 
table saccharine  matter. 

When  the  sugar  of  milk  is  treated  with  nitric  acid,  as- 
sisted by  a  moderate  heat,  nitrous  gas  is  discharged,  the 
solution  becomes  yellow,  and,  as  it  advances,  a  copious 
deposition  of  a  white  matter  takes  place.  The  fluid,  when 
poured  off,  afibrds  by  evaporation  crystals  of  oxalic  acid. 

The  white  matter  obtained  in  this  operation  is  possess- 
ed of  the  properties  of  an  acid.  Scheele,  who  discovered 
it,  supposed  it  to  be  one  of  a  peculiar  kind,  and  gave  it  the 
name  of  Acid  of  Sugar  of  Milk.  In  the  established  no- 
menclature, it  is  named  Saccho-lactic  Acid. 

Scheele  concluded,  that  this  substance  is  not  formed  in 
the  above  process,  but  that  the  sugar  of  milk  is  a  com- 
pound of  it  and  saccharine  matter,  and  that  it  is  merely 
rendered  sensible  by  the  saccharine  matter  being  oxidized 
by  the  nitric  acid.  Parmentier  and  Deyeux  accede  to 
this  opinion.    They  observe,  that  in  the  process  in  which 
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it  is  obtained,  very  little  of  the  nitrous  acid  is  decompos- 
ed, and  that,  if  the  quantity  actually  decomposed  be  com- 
pared with  the  quantity  of  oxalic  acid  formed,  the  pro- 
portions will  be  found  nearly  the  same  as  when  the  oxalic 
acid  is  procured  by  the  direct  oxygenation  of  pure  sugar. 
And  they  add  the  synthetical  proof,  that  when  two  parts 
of  the  saccho-lactic  acid  are  mixed  with  one  of  sugar,  a 
compound  very  similar  to  the  sugar  of  milk  is  formed. 
The  opinion,  however,  as  is  justly  observed  by  Fourcroy, 
appears  to  accord  very  ill  with  what  we  know  of  the  pro- 
perties of  these  two  substances. 

Saccho-lactic  acid  is  obtained  by  the  process  already  de- 
scribed, in  the  form  of  a  white  powder,  a  little  granulat- 
ed :  its  taste  is  slightly  sour  :  it  is  sparingly  soluble  in  wa- 
ter, 60  parts  even  of  boiling  water  being  requisite,  accord- 
ing to  Scheele,  to  dissolve  it :  this  solution  has  aii  acid 
taste,  and  reddens  the  vegetable  colours  :  it  deposites,  on 
cooling,  small  crystals.  -At  the  temperature  of  212"^,  it 
decomposes  the  alkaline  carbonates,  disengaging  the  car- 
bonic acid.  Exposed  to  heat  in  close  vessels,  it  is  decom- 
posed, the  products  being  an  acid  liquor,  which,  on  stand- 
ing, deposites  needle-like  crystals,  an  empyreumatic  dark- 
coloured  oil,  carbonic  acid  and  carburetted  hydrogen  gas- 
es, and  a  large  residuum  of  charcoal. 

This  acid  combines  with  the  different  salifiable  bases, 
forming  salts  named  Saccholates  ;  but  we  have  no  know- 
ledge of  these  combinations,  except  from  a  few  observations 
by  Scheele.  It  forms  with  potassa  a  salt  soluble  in  eight 
parts  of  warm  water,  which  crystallizes  on  cooling  ;  and 
with  soda  a  salt  equally  crystallizable,  and  rather  more 
soluble^  requiring  only  five  parts  for  its  solution.  Both 
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these  salts  are  more  soluble,  from  an  excess  either  of  the 
acid  or  of  the  base.  Saccholate  of  ammonia  is  very  easi- 
ly decomposed  by  heat,  the  ammonia  being  expelled.  The 
compounds  with  lime,  barytes,  and  magnesia  are  nearly 
insoluble  ;  hence  this  acid  decomposes  the  soluble  salts  of 
these  earths.  It  acts  feebly  on  the  metals  ;  and  with  their 
oxides,  so  far  as  has  been  examined,  forms  salts  of  sparing 
solubility.  It  thus  precipitates  the  nitrates  of  silver,  quick- 
silver, and  lead. 

This  acid  is  formed,  not  only  from  sugar  of  milk,  but 
likewise,  as  has  been  already  remarked  (p.  114-.),  from 
gum,  by  the  action  of  nitric  acid  :  two  parts  of  the  acid 
being  slightly  heated  on  one  part  of  gum,  until  a  small 
quantity  of  nitric  oxide  and  carbonic  acid  is  disengaged, 
on  cooling,  the  liquid  deposites  the  saccho-lactic  acid  ;  the 
quantity  according  to  Fourcroy  and  Vauquelin,  being  from 
14  to  26  parts  from  100  of  gum. 

From  the  quantity  of  saccharine  matter  which  milk  con- 
tains, the  whey  is  susceptible  of  both  the  vinous  and  ace- 
tous fermentation  ;  and  by  the  Tartar  tribes,  a  vinous  li- 
quor is  actually  prepared  from  mares  milk.  The  process 
has  been  described  by  Dr  Guthrie  *.  The  liquor  how- 
ever is  extremely  weak,  eight  pints  of  it  affording,  on  dis- 
tillation, only  four  ounces  of  alkohol. 

It  passes  more  readily  into  the  acetous  fermentation,  or 
becomes  acescent,  from  the  production  of  an  acid,  which 
it  now  appears  is  the  acetic.  Scheele  first  examined  this 
acid,  and  although  he  observed  an  analogy  to  the  acetic 
acid  in  its  properties  and  combinations,  he  found  also  some 


*  Edinburgh  Phibsophical  Transactions,  vol.  ii. 


OF  MILK,  &c.  56g 

differences  between  them.  He  was  unable  to  obtain  it  pure 
by  distillation  ;  for  although  an  acid  liquor  distilled  over, 
this  could  not  be  carried  far,  as  a  decomposition  and  a  de- 
position of  carbonaceous  matter  took  place  from  the  heat 
applied.  He  supposed,  too,  that  this  acid  decomposed  the 
acetate^.  Hence  he  regarded  it  as  different  from  the  ace- 
tic i  and  in  the  new  nomenclature  it  received  the  name  of 
Lactic  Acid.  From  the  recent  researches,  however,  of 
Lagrange,  and  of  Fourcroy  and  Vauquelin,  it  is  establish- 
ed that  this  acid  is  nothing  more  than  the  acetic,  disguised 
by  a  portion  of  extractive  matter  united  with  it,  and  by  the 
saline  substances  contained  in  the  whey  *.  According  to 
the  observation  both  of  Thenard  f  and  Lagrange,  a  small 
portion  of  free  acetic  acid  is  always  contained  in  recent 
milk,  and  is  procured  from  it  by  distillation. 

Besides  the  sugar  of  milk,  which  is  the  principal  ingre- 
dient dissolved  in  the  serum,  there  are  present  some  other 
saline  substances,  and  which  remain  dissolved  in  the  liquor 
after  its  crystallization.  These,  according  to  the  observa- 
tions of  Scheele  and  Vauquelin,  are  principally  muriates 
of  lime,  potassa,  and  soda,  with  phosphates  of  lime,  mag- 
nesia, and  iron. 

Such,  then,  is  the  composition  of  milk.  It  consists  of 
an  oily  substance,  of  the  caseous  matter,  of  the  peculiar 
substance  named  sugar  of  milk,  and  of  a  small  portion  of 
neutral  salts,  and  a  little  free  acetic  acid  dissolved  in  wa- 
ter. The  union  of  the  three  first,  two  of  which  approxi- 
mate to  the  nature  of  vegetable,  and  the  third  to  that  of 


*  Nicholson's  Journal,  vol.  x.  p.  264. 
t  Ibid.  vol.  xix.  p.  72. 
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animal  matter,  renders  it  a  fluid  at  once  nutritive  and 
easy  of  digestion  •,  and,  as  Vauquelin  has  remarked,  the 
presence  of  the  phosphoric  acid  with  the  Ume  and  iron,  fit 
it  well  for  the  formation  of  blood. 


SECT.  IV. 


OF  LYMr-H.    OF  MUCUS. 

The  fluid  contained  in  the  lymphatic  vessels,  and  pass- 
ing into  them  either  from  the  extremities  of  the  arterial 
branches,  or  taken  up  by  absorption  from  the  surface  of  the 
internal  parts  of  the  body,  has  from  its  origin  been  regard- 
ed as  analogous  to  the  serum  of  the  blood.  This,  however, 
is  not  well  established  it  is  even  probable,  that  though 
derived  from  that  fluid,  it  may  have  undergone  some  al- 
teration, and  its  properties  therefore  require  to  be  noticed. 
They  are  however  but  imperfectly  known,  principally 
from  the  difliculty  of  procuring  it  in  a  pure  state. 

Lymph  is  pellucid  and  insipid  :  it  is  also  said  to  be  slight- 
ly viscid,  miscible  with  cold  water,  and  coagulated  by  heat, 
by  the  acids^,  and  by  alkohol.  If  these  properties  strictly 
belong  to  it,  it  might  be  regarded  principally  as  a  solution 
of  albumen  ;  but  there  is  some  uncertainty  whether  these 
observations  refer  to  pure  lymph  or  to  the  serum  of  the 
blood,  from  these  fluids  having  been  assumed  to  be  ulti- 
mately the  same. 
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This  fluid  frequently  undergoes,  on  the  surfaces  on 
which  it  is  effused,  a  degree  of  inspissation,  probably 
from  its  watery  part  being  absorbed  ;  and  it  then  forms 
what  has  been  named  Mucus,  which  covers  the  passages 
and  internal  cavities  of  the  body.  This  term,  it  must 
be  acknowledged,  is  rather  vague.  Mr  Hatchet  had  re- 
garded it  as  similar  to  gelatin,  only  that  when  heated  it 
does  not  become  gelatinous.  Dr  Bostock  has,  on  the  con- 
trary, applied  it  to  denote  a  peculiar  principle  of  animal 
matter,  existing  in  what  is  usually  named  mucus,  as  well 
as  in  a  number  of  the  animal  fluids.  The  following  are 
its  properties,  as  he  has  assigned  them.  It  may  be  ob- 
tained solid  by  evaporation,  and  is  again  soluble  in  wa- 
ter. It  is  insoluble  in  alkohol  or  ether.  It  neither  coa- 
gulates, nor  becomes  gelatinous,  when  its  solution  is  heat- 
ed ;  characters  by  which  it  is  at  once  distinguished  from 
albumen  and  gelatin.  Neither  is  it  precipitated  by  tannin, 
or  by  corrosive  muriate  of  mercury.  The  acetate  of  lead 
or  Goulard's  extract,  produces  a  copious  white  precipitate 
with  it,  and  this  forms  its  most  certain  test.  Dr  Bostock 
has  remarked  its  close  resemblance  in  these  properties  to 
vegetable  gum  *. 

This  principle,  when  in  its  liquid  state,  suffers  inspis- 
sation from  exposure  to  the  air.  The  mucus  of  the  nos- 
trils, which  has  been  examined  by  Fourcroy  and  Vauque- 
lin,  appears  to  be  in  this  state.  They  observe,  that  this 
mucus,  as  it  is  first  secreted,  is  liquid  and  clear,  a  little 
viscid,  without  smell,  and  of  a  taste  somewhat  saline  ;  it 
becomes  thick  and  viscid  from  exposure  to  the  air,  or  to 
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a  gentle  heat ;  and  the  residuum  which  it  at  length  af- 
fords by  evaporation,  affords  crystals  of  muriate  and  car- 
bonate of  soda,  and  phosphates  of  soda  and  lime.  From 
the  carbonate  of  soda  it  contains,  it  renders  green  paper 
stained  with  the  juice  of  the  mallow.  It  also  contains  an 
animal  matter  not  albuminous,  but  which  becomes  thick 
and  concrete  from  the  action  of  the  oxygen  of  the  atmos- 
phere, or  of  oxymuriatic  acid,  and  acquires  opacity  and  a 
yellowish  or  greenish  colour.  It  is  more  or  Ipss  in  this 
state  as  it  covers  the  passage  of  the  nostrils,  from  the  ac- 
tion of  the  air,  and  is  completely  inspissated  when  a  per- 
son has  been  exposed  to  the  vapours  of  oxymuriatic  acid. 
In  this  inspissated  state,  water  does  not  dissolve  it,  nor 
can  it  easily  be  diluted  with  that  fluid  either  cold  or  warm. 
The  acids  added  in  small  quantity  thicken  it,  but  in  a 
larger  proportion  they  re-dissolve  it,  giving  it  different  co- 
lours. Muriatic  acid  effects  this  solution  most  easily. 
The  alkaline  or  earthy  salts  do  not  dissolve  it.  It  is  little 
liable  to  putrefaction,  when  kept  even  in  a  humid  state. 
Like  all  the  other  animal  fluids  it  is  subject  to  alterations 
from  morbid  affections,  which  influence  its  secretion  *. 

Fourcroy  and  Vauquelin  have  farther  observed,  that 
the  liquid  which  forms  the  tears  is  nearly  the  same  with 
the  nasal  mucus.  It  is  clear  as  water,  without  smell,  ha- 
ving a  taste  somewhat  saline  and  a  specific  gravity  rather 
greater  than  that  of  distilled  water.  It  renders  green  pa- 
per tinged  with  juice  of  violet  or  mallow,  a  property 
which  appears  to  be  owing  to  the  presence  of  soda.  When 
heated  it  is  inspissated,  a  change  which  it  suffers  alsa 
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quickly  from  exposure  to  the  air  ;  it  becomes  viscid,  and  * 
acquires  a  yellowish  or  greenish  colour.  It  also  affords 
cubic  crystals,  containing  an  excess  of  alkali  which  alko- 
hol  dissolves,  leaving  the  mucus  part  undissolved.  In 
this  Inspissated  state  this  liquid  is  also  insoluble  in  water. 
The  alkaline  solutions  which  have  no  effect  on  the  liquid, 
as  it  is  first  secreted,  dissolve  it  after  it  has  suffered  this 
change,  and  restore  to  it  its  fluidity  and  transparency. 
The  acids  exert  no  action  on  it  at  its  first  discharge,  ex- 
cept saturating  the  free  soda  :  but  when  it  has  been  in- 
spissated by  exposure  to  the  air,  they  exhibit  with  it  pe- 
culiar phenomena.  Sulphuric  acid  disengages  carbonic 
and  muriatic  acid  gases,  by  decomposing  the  muriate  and 
carbonate  of  soda  which  it  contains.  Muriatic  and  ace- 
tic acid  produce  only  a  slight  effervescence.  Oxymuria- 
tic  acid  causes  coagulation,  and  flocculi  are  separated,  a 
change  apparently  produced  by  the  communication  of 
oxygen.  Alkohol  forms  also  white  flocculi  in  this  liquid. 
From  the  experiments  of  these  chemists  it  follows,  that 
the  tears  are  formed  of  a  large  quantity  of  water,  which 
holds  in  solution  an  animal  matter  not  albuminous,, as  it  is 
not  coagulated  by  the  acids,  and  which  appears  to  have 
the  characters  of  mucus,  with  which  are  associated  vari- 
ous saline  substances, — muriate  of  soda,  pure  soda,  phos- 
phate of  soda,  and  phosphate  of  lime.  The  last,  when 
it  accumulates,  forms  the  concretions  sometimes  found  in 
the  lachrymal  glands  *. 

I  have  placed  the  history  of  these  fluids  under  one  sec- 
tion, as  they  appear  to  have  strict  relations,  both  physiolo- 
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glcal  and  chemical,  and  are  probably  ultimately  the  same, 
or  at  least  are  so  with  very  slight  modifications. 


SECT.  V. 


©r  SALIVA.     OF  THE  TANcaiiATlC  FLUID. 


The  fluid  secreted  in  the  salivary  glands  is  designed  to 
promote  the  mastication,  and  perhaps  also  the  farther  di- 
gestion of  the  food.  Its  taste  is  very  slightly  saline  ;  it 
has  a  slight  degree  of  viscidity,  in  consequence  of  which 
it  is  frothy,  or  retains  the  air  entangled  in  it.  It  does  not 
mix  very  readily  with  water  :  by  trituration  it  may  be  dif- 
fused through  it  ;  but  a  portion  of  matter  which  Dr  Bos- 
tock  considers  as  coagulated  albumen,  remains  undissolv- 
ed. When  exposed  to  the  air,  a  pellicle  forms  on  it ;  it 
becomes  turbid  and  deposites  flocculi,  changes  which  have 
been  ascribed  to  oxygen! zement :  it  has  been  said,  indeed, 
to  have  an  unusual  tendency  to  absorb  oxygen;  and  hence 
it  has  been  affirmed,  that  it  promotes  greatly  the  oxidize- 
ment  of  the  metals  ;  the  extinction  of  mercury  by  tritura- 
tion being  much  facilitated  by  it,  and  even  gold  and  silver 
leaf  being  oxidized  when  triturated  with  it  *. 

When  the  liquid  formed,  by  triturating  saliva  with  wa- 
ter, is  exposed  to  heat,  it  is  slightly  coagulated,  and  a  floc- 
culent  precipitate  appears.  This  denotes  the  presence  of 
albumen.    It  is  also  coagulated  or  inspissated  by  alkohol, 


*  Fourcroy's  System,  vol.  ix.  p.  445. 


OF  SALIVA,  &C.  SI  J 

and  by  the  stronger  acids.  The  fixed  alkalis  and  the 
earths  cause  an  ammoniacal  odour  to  exhale  from  it,  by- 
decomposing  the  ammoniacal  salts  it  contains  :  the  alkalis 
at  the  same  time  dissolve  it.  Lime-water  throws  down 
a  precipitate  of  phosphate  of  lime  ;  and  oxalic  acid  detects 
in  it  the  presence  of  lime  in  small  quantity.  The  metallic 
solutions,  especially  the  nitrates  of  lead,  mercury  and  sil-, 
ver,  render  saliva  very  turbid,  and  cause  an  abundant  pre- 
cipitate ;  partly  from  their  action  on  the  animal  matter, 
and  partly  by  decomposing  the  phosphates  and  muriates 
it  contains.  Acetate  of  lead,  or  Goulard's  extract,  pro- 
duces a  copious  precipitate  in  saliva  diluted  with  water 
and  rendered  clear  by  filtration,  probably  from  its  action 
on  the  mucus  which  exists  in  it  *. 

"When  saliva  is  evaporated  by  a  gentle  heat,  cubical 
crystals  of  muriate  of  soda  are  discoverable  in  the  resi- 
duum, as  well  as  crystals  similar  to  those  of  muriate  of 
ammonia  f .  When  evaporated  to  dryness  it  leaves  a  re- 
siduum, which  swells  and  inflames  on  ignited  fuel,  exhal- 
ing a  foetid  odour,  with  a  smell  of  prussic  acid.  Its  re- 
sidual charcoal,  when  it  is  subjected  to  destructive  distil- 
lation, affords  considerable  quantities  of  muriate  of  soda, 
phosphate  of  soda,  and  phosphate  of  lime. 

Saliva  appears  to  be  a  solution,  in  a  large  quantity  of 
water,  of  albumen,  mucus,  and  certain  saline  substances 
— compounds  of  phosphoric  and  muriatic  acids,  with  soda, 
ammonia,  and  lime.    The  proportions  are  conjectured  by 


*  Bostock,  Nicholson's  Journal,  vol.  xiv.  p.  147. 
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Dr  Bostock  to  be  about  80  of  water,  8  of  coagulated  al- 
bumen, 11  of  mucus,  and  1  of  the  saline  compounds. 

The  concretions  which  are  sometimes  deposited  in  the  ■ 
excretory  ducts  of  the  salivary  glands,  are  stated  by  Four- 
croy  to  consist  of  phosphate  of  lime,  with  animal  muci- 
lage ;  and  the  incrustation  formed  on  the  teeth  from  the 
saliva,  and  known  by  the  name  of  Tartar  of  the  teeth,  is 
said  to  be  of  a  similar  nature. 

The  similarity  of  the  Pancreatic  Juice,  or  liquid  se- 
creted by  the  pancreas,  to  the  saliva,  has  always  been  ob- 
served by  physiologists,  but  it  has  undergone  little  chemi- 
cal examination.  Dr  Fordyce,  from  a  small  quantity  of 
it  which  he  obtained,  found  it  to  be  liquid  and  colourless, 
having  a  taste  slightly  saline.  On  allowing  it  to  evapo- 
rate, crystals  were  deposited,  similar  to  those  from  the  sa- 
liva, and  muriatic  acid  was  indicated  by  the  test  of  nitrate 
of  silver.  On  evaporation  also,  a  colourless  mucus  was  ob- 
tained, which  redissolved  in  water,  though  the  compound 
with  water,  to  use  Dr  Fordyce's  expression,  is  not  very 
diffusible  through  water  *.  From  these  facts  it  appears 
to  be  extremely  analogous  to  saliva,  and  probably,  as  phy- 
siologists have  conjectured,  serves  the  same  purpose  in 
promoting  the  digestion  of  the  food. 


*  Treatise  on  Digestion,  p.  70. 
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OF  THE  GASTRIC  FLUID. 

No  fluid  presents  more  singular  properties,  than  that 
which  is  secreted  by  the  glands  of  the  stomach,  and  which 
is  of  so  much  importance  in  the  process  of  digestion. 
From  its  connection  with  that  process,  its  properties  have 
been  often  the  subject  of  investigation,  and  a  number  of 
facts  with  regard  to  it  have  been  discovered  by  the  labours 
of  Reaumur,  Stevens  and  Spallanzani. 

The  principal  difficulty  in  submitting  it  to  experiment 
is  that  of  obtaining  it  pure  i  for  as  there  is  no  duct  whence 
it  can  be'collected,  it  is  always  liable  to  be  more  or  less 
mixed-with  the  contents  of  the  stomach.    The  method 
which  Spallanzani  employed,  was  to  cause  an  animal  to 
swallow  small  pieces  of  sponge,  when  it  had  fasted  so 
long  as  that  the  food  might  be  supposed  to  have  been  e- 
vacuated  from  the  stomach,  and  after  some  hours  with- 
drawing these  bits  of  sponge,  by  a  string  attached  to  them. 
By  pressing  them  over  a  glass  capsule,  tlie  gastric  fluid 
which  they  had  imbibed  was  obtained.    It  may  also  be 
collected  from  the  stomach  of  an  animal  newly  killed, 
and  which  had  previously  been  kept  some  hours  without 
food ;  but  the  quantity  that  can  thus  be  procured  is  not 
considerable.    In  the  operation  of  vomiting  it  frequently 
happens,  that  after  the  solid  contents  of  the  stomach  have 
been  discharged,  when  the  vomiting  recurs,  a  colourless 
fluid,  more  or  less  viscid,  is  brought  up,  which  has  been 
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regarded  as  the  gastric  juice.  Dr  Fdrdyce  has  remarked, 
however,  that  he  had  often  examined  this  fluid,  and  found 
it  to  be  water,  with  a  small  quantity  of  saline  matter,  and 
little  or  no  mucilage,  and  to  be  destitute  of  one  of  the 
most  characteristic  properties  of  the  gastric  fluid,  that  of 
coagulating  milk. 

The  gastric  fluid  obtained  by  Spallanzani,  was,  in  all  the 
orders  of  animals  from  whom  he  procured  it,  whether 
gramenivorous  or  carnivorous,  similar  in  appearance  and 
physical  qualities.    If  unmixed  with  any  of  the  food,  it 
was  clear,  or  its  transparency  was  at  least  little  inferior  to 
that  of  water.  Its  taste  was  always  somewhat  saline,  and 
frequently  also  bitter  :  this  bitterness,  as  well  as  a  tinge  of 
yellow  which  it  sometimes  had,  being  undoubtedly  owing, 
as  he  supposes,  to  the  presence  of  bile.  Sometimes  it  was 
procured  without  any  sensible  bitterness,  and  its  taste  was 
then  merely  saline.    He  could  not  discover  in  it  any  in- 
dication of  acidity,  except  sometimes  in  animals  feeding 
on  vegetables,  and  the  acidity  was  then  evidently  to  be 
ascribed  to  the  intermixture  of  the  food,  and  the  change* 
it  had  undergone  *  :  it  was  equally  free  from  any  alkali. 
in  a  further  examination  of  its  properties,  undertaken  at 
the  desire  of  Spallanzani,  by  Scopoli,  it  was  found,  when 
triturated  with  lime,  to  emit  a  foetid  odour.    It  precipi- 
tated silver  in  the  state  of  muriate,  from  nitrate  of  silver: 
evaporated  it  gave  a  solid  residuum,  deliquescent,  and  ha- 
ving an  unpleasant  odour.    Subjected  to  destructive  dis- 
''iJlation,  muriate  of  ammonia  was  sublimed  f. 


*  Spallanzani's  Dissertations,  vol.  i.  p.  327. 
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To  this  very  Imperfect  account  of  the  qualities  of  the 
gastric  fluid,  some  facts  have  been  added  by  Macquart  and 
Vauquelin.  They  obtained  it  from  the  stomachs  of  sheep 
uid  calves ;  they  always  found  in  it  free  phosphoric  acid 
and  phosphates.  A  small  quantity  of  albumen  was  sepa- 
rated from  it  by  the  action  of  acids,  besides  a  portion  of 
mucus  or  gelatinous  matter  *. 

Spallanzani  had  observed,  that  the  gastric  fluid  is  little 
liable  to  putrefaction.  Obtained  from  his  own  stomach 
by  vomiting,  he  remarks,  that  "  it  did  not  change  colour 
or  taste,  nor  did  it  acquire  any  bad  smell,  though  kept 
above  a  month,  in  the  hottest  season  of  the  year and 
he  observes,  that  this  is  a  property  common  to  every  gas- 
tric fluid  he  had  examined  f .  Nay,  he  found,  that  it  pre- 
vents substances  from  putrefying,  and  even  that  animal 
matter,  which  had  become  putrid  and  offensive,  was  re- 
covered and  rendered  free  from  tliis,  by  maceration  in  the 
gastric  fluid,  either  out  of  the  body  or  in  the  stomach  of 
the  animal  |.  These  properties,  however,  were  not  ob- 
served by  Macquart  and  Vauquelin  in  the  gastric  fluids 
they  examined  ;  on  the  contrary,  they  became  corrupted 
in  a  few  days.  The  observation  of  Spallanzani  is,  how- 
ever, confirmed  by  the  experiments  of  Stevens. 

The  most  singular  property  of  this  fluid,  and  one  which 
is  undoubtedly  chemical,  is  its  solvent  power  with  regard 
to  the  food,— a  power  unequivocally  established  by  the 
multiplied  researches  of  Reaumur,  Stevens,  and  Spallan- 
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zani.  Reaumur  inclosed  articles  of  diet  in  metallic  tubes 
open  at  both  ends,  which  he  forced  animals  to  swallow  ; 
employing  those  substances  with  regard  to  each  on  which 
they  naturally  feed.  By  this  contrivance  he  avoided  the 
action,  of  pressure  and  trituration,  which  had  been  consi- 
dered as  the  principal  causes  of  digestion,  and  exposed  the 
food  merely  to  the  action  of  the  gastric  fluid.  He  found, 
that  in  animals  with  a  membranous  stomach,  and  which 
usually  feed  on  flesh,  the  inclosed  food  was  dissolved,  more 
or  less  completely,  according  to  the  time  during  which  the 
tubes  were  allowed  to  remain  in  the  stomach ;  and  he 
hence  inferred,  that  the  gastric  fluid  of  these  animals  is 
possessed  of  a  solvent  power.  He  found,  however,  that 
in  those  animals  which  have  a  muscular  stomach,  capable 
of  strong  contraction,  and  therefore  of  performing  the  of- 
fice of  trituration,  the  substances  inclosed  (grains  chiefly 
on  which  these  animals  feed,  though  sometimes  also  grass, 
or  even  flesh)  were  not  at  all  dissolved  j  and  hence  he 
concluded,  that  in  these  animals  the  gastric  fluid  is  not  a 
solvent,  and  that  the  digestion  of  the  food  is  efl^ected  by 
trituration.  Spallanzani  rectified  tht^  conclusion ;  he 
shewed,  that  the  trituration  is  necessary  only  to  bruise  the 
food,  and  thus  prepare  it  for  the  action  of  the  gastric  fluid, 
and  that  when  previously  bruised,  or  when  from  any  other 
preparation  it  is  in  a  soft  or  humid  state,  and  inclosed  in 
tubes,  it  is  dissolved  by  these  being  allowed  to  remain  in 
the  stomach  *.  He  further  found  with  Reaumur,  that  in. 
animals  with  a  membranous  stomach,  the  solution  of  the 
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feod  inclosed  in  tubes,  takes  place  very  readily  *.  And 
what  is  still  more  decisive  vi^ith  regard  to  the  solvent 
power  of  the  gastric  fluid,  he  found,  that  the  different 
substances  used  as  food,  both  flesh,  bread,  grain,  and  grass, 
submitted  to  its  action  out  of  the  body,  at  a  temperature 
not  higher  than  that  of  animals,  were  dissolved  f .  It  ap- 
pears from  his  researches,  that  in  animals  with  a  membra- 
nous stomach,  the  solvent  power  is  greater  than  in  those 
with  a  muscular  stomach,  by  the  exertion  of  which  the 
food  is  bruised  ;  and  in  some  of  the  former,  in  the  dog, 
for  example,  or  the  eagle,  the  solvent  power  is  very  con- 
siderable, the  hardest  bone  inclosed  in  tubes  being  speedily 
dissolved. 

With  the  experiments  of  Spallanzani,  those  of  Stevens 
In  general  agree  :{:.  Availing  himself  of  the  opportunity 
of  making  experiments  on  a  man  who  had  the  power  of 
swallowing  hard  substances  without  injury,  he  gave  to 
him  almost  all  the  articles  of  food,  vegetable  or  animal, 
inclosed  separately  in  hollow  spheres  of  silver,  perforated 
with  a  number  of  holes,  and  found,  that  when  thus  intro- 
duced into  the  stomach,  they  were  speedily  dissolved.  And 
coritinuing  his  experiments  on  animals,  he  established 
nearly  the  same  results  as  Spallanzani  had  done.  He  found 
too,  that  the  gastric  fluid  out  of  the  body  exerts  its  solvent 
power.  Half  an  ounce  of  the  gastric  juice  of  a  dog  was 
put  into  a  phial  wit;^  twelve  grains  of  roasted  beef, 
and  the  same  quantity  of  the  same  beef  was  put  into  an  ♦ 


*  Dissertations,  vol.  i.  p.  69,  70.  108.  258. 
t  Ibid.  p.  93.  170. 
j  Dissertatio  Inaugura'.is,  Ediu.  1777 
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Other  phial  with  water.  Both  were  exposed  to  a  tem- 
perature of  from  102  to  104- :  in  eight  hours,  the  beef  in 
the  gastric  fluid  was  completely  dissolved,  while  that  in 
the  water  was  not  sensibly  altered  :  in  twenty-four  hours, 
the  latter  was  putrid,  while  the  former  had  merely  a  pun- 
gent odour,  probably  from  a  slight  scorching  from  the  heat. 
When  the  experiment  was  repeated  with  flesh  masticated, 
the  solution  was  sooner  completed  ;  and  in  a  similar  man- 
ner, many  other  substances,  both  animal  and  vegetable, 
were  dissolved. 

In  one  point,  the  experiments  of  these  physiologists  do 
not  perfectly  correspond.  Stevens  found,  that  those  kinds 
of  food  on  which  animals  do  not  naturally  feed  are  not 
dissolved  when  introduced  in  these  balls  into  the  stomach 
that  if  tubes  or  balls,  for  example,  containing  flesh,  fish, 
grass,  or  herbs,  be  introduced  into  the  stomach  of  a  sheep, 
the  latter  are  completely  dissolved,  while  the  former  are 
not  altered.  The  experiment  was  repeated  on  the  ox  with 
a  similar  result    and  hence  it  appears,  that  in  those  ani- 
mals which  usually  feed  on  vegetables,  animal  food  is  not 
dissolved  by  the  gastric  fluid.    Spallanzani,  however,  ob- 
tained a  result  somewhat  different    in  animals  which  feed 
principally  on  grain,  as  ducks,  hens,  and  turkeys,  flesh 
introduced  in  tubes  into  the  stomach  being  dissolved  * 
while  in  those  which  feed  usually  on  flesh,  as  the  crow, 
farinaceous  grains,  previously  bru'^ed  and  introduced  in 
tubes,  were  likewise  dissolved  f.     These  animals,  how- 
ever, do  not  seem  naturally  much  limited  to  one  kind  of 


*  Dissertations,  vol.  i.  p.  36. 
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food,  but  can  subsist  on  very  different  substances.  And 
it  is  admitted  by  Spallanzani,  that  some  species,  as  birds 
of  prey,  are  incapable  of  digesting  vegetables  *.  It  there- 
fore rather  appears,  that  the  solvent  power  of  the  gastric 
fluid  is  in  a  great  measure  limited  to  the  kind  of  food  on 
■which  the  animal  naturally  subsists,  though  the  stomach 
is  undoubtedly  capable  of  in  some  measure  adapting  itself 
to  the  food  received,  so  that  the  animal  can  at  length  be 
brought  to  be  nourished  by,  and  even  to  relish,  substances 
the  most  opposite  to  those  on  which  it  naturally  feeds.  In 
those  animals  which  feed  both  on  vegetable  and  animal 
matter,  as  in  man,  both  are  dissolved  by  the  gastric  juice. 

The  solvent  power  of  the  gastric  fluid  is  well  shown  by 
its  action  on  the  stomach  itself ;  it  frequently  happening, 
that  an  erosion,  or  a  solution  of  the  depending  part  of  the 
stomach,  is  discoverable  after  death,  as  Mr  Hunter  first 
pointed  outf.  And  no  fact  better  shews,  how  far  the 
presence  of  vitality  suspends  or  counteracts  the  usual 
chemical  powers,  since,  during  life,  the  stomach  does  not 
suffer  from  the  action  of  this  fluid.  Stevens  has  however 
stated  some  facts  to  prove,  that  this  is  to  be  understood 
with  some  limitation,  and  that  animals  even  while  alive 
are  in  some  cases  subject  to  the  process  of  digestion  J. 

These  facts  with  regard  to  the  solvent  power  of  the 
gastric  fluid  are  truly  singular :  they  ate  such  as  could  not 
be  inferred  from  any  quality  that  fluid  is  known  to  possess, 
or  from  any  other  chemical  agency  it  appears  to  be  capable 


♦  Dissertations,  vol.  i.  p.  217.  288. 
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of  exerting  :  they  admit,  therefore,  of  no  explanation, 
and,  in  our  present  imperfect  knowledge  of  its  nature, 
must  be  received  merely  as  ultimate  facts, 


SECT.  vir. 

X 

OF  BILE.     OF  BILIARY  CALCULI. 

Bile  is  a  fluid  secreted  by  the  liver  from  the  venous 
blood  which  has  circulated  through  the  abdominal  viscera  ; 
it  enters  the  intestines,  and  appears  designed  to  serve  some 
important  purpose,  from  the  large  quantity  of  it  secreted. 
It  has  generally  been  considered  as  an  assisting  agent  in 
the  process  of  digestion,  or  at  least  in  the  formation  of 
chyle  ;  and,  in  support  of  the  latter  conclusion,  the  fact 
has  been  generally  stated,  that  no  traces  of  the  chyle  are 
to  be  discovered  previous  to  the  intermixture  of  the  bile 
with  the  digested  food.  It  is  no  argument  against  this 
opinion,  that  the  bile  cannot  be  discovered  by  any  of  its 
properties  in  the  chyle ;  for  these  may  be  changed  by  the 
combination,  or  some  of  its  principles  only  may  enter  in- 
to the  composition  of  that  fluid,  while  others  may  be  and 
undoubtedly  are  discharged  as  excremcntitious.  The  sin- 
gularity deserves  to  be  remarked,  that  it  is  formed  from 
venous  blood,  while  the  other  secretions  appear  always  to 
take  their  origin  from  arterial  blood.  This  deviation,  per- 
formed too  by  a  particular  apparatus,  would  lead  to  the 
conjecture,  that  a  large  proportion  of  carbon  is  necessary 
to  its  constitution  ;  and  it  will  accordingly  appear  from 
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its  analysis,  that  its  principal  solid  Ingredient  is  highly  in- 
flammable, and  is  very  similar  in  its  properties  to  the  ve- 
getable resins,  in  the  composition  of  which  we  know  car- 
bon and  hydrogen  predominate.  Fourcroy  has  even  sup- 
posed, that  that  portion  of  it  which  is  excrementitious  is 
designed  to  convey  an  excess  of  hydrogen,  and  we  may 
add,  perliaps,  of  carbon,  from  the  system  ;  and  under  this 
point  of  view,  which  is  not  improbable,  it  may  be  regard- 
ed as  subordinate  to  respiration,  and  as  freeing  the  blood 
trom  principles  which  could  not,  without  inconvenience, 
be  entirely  abstracted  by  the  action  of  the  air. 

The  bile  when  first  secreted,  is  perfectly  liquid,  and, 
in  this  state,  a  portion  of  it  constantly  flows  into  the  upper 
part  of  the  intestinal  canal.  But  in  many  animals,  there 
is  also  a  particular  reservoir,  the  gall-bladder,  into  which 
»  a  quantity  is  received,  which  from  absorption  becomes 
more  thick,  and  which  occasionally  flows  into  the  intes- 
tines. The  qualities  of  the  bile  do  not  seem  to  be  other- 
wise much  altered  In  this  organ,  and  its  inferior  import- 
ance is  sufliciently  demonstrated  by  the  fact,  that  in  many 
even  of  the  more  perfect  animals  it  is  altogether  wanting. 
It  is  this  cystic  bile,  however,  as  it  Is  named,  or  bile  col- 
lected in  the  gall-bladder,  that  has  been  generally  examin- 
ed, as  it  Is  that  which  is  most  easily  procured. 

It  has  always  a  certain  degree  of  tenacity,  more  or  less 
according  to  the  time  during  which  It  has  been  retained 
in  the  gall-bladder,  and,  no  doubt,  also  according  to  the 
energy  of  absorption.  It  feels  unctuous,  or  rather  soapy  : 
its  specific  gravity  is  rather  greater  than  that  of  water, 
being  1.026  :  Its  colour  Is  yellowish  green,  and,  In  some 
animals,  is  nearly  pure  yellow  :  its  odour  is  faint,  and  pe- 
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culiar  :  its  taste  is  extremely  bitter,  this  bitteniesb  being 
strong  even  in  its  most  dilute  state,  and  becoming  intense 
when  the  bile,  from  stagnation,  is  thick  and  viscid. 

Bile,  from  its  obvious  importance  in  the  living  system, 
has  often  been  submitted  to  chemical  examination,  and  a 
number  of  important  facts  with  regard  to  it  are  now  as- 
certained. For  these  we  are  principally  indebted  to  a  se- 
ries of  experiments  by  Cadet*  and  by  Ramsay  f,  and  more 
lately  to  a  memoir  by  Thenard  J. 

Biie  left  exposed  to  the  atmosphere  at  a  moderately 
warm  temperature,  soon  suffers  spontaneous  decomposi- 
tion ;  it  emits  a  foetid  odour,  and  seems  to  pass  into  a  state 
of  putrefaction. 

When  exposed  to  a  gentle  heat,  a  large  quantity  of  wa- 
tery liquid,  about  90  parts  from  100,  pass  over  ;  this  has 
the  odour  of  the  bile,  but  not  its  taste.  The  residual  mat- 
ter is  thick  and  tenacious,  of  a  dark  brown  colour,  intense- 
ly bitter,  deliquescent,  and  readily  soluble  in  water ;  when 
kept  for  some  time,  it  acquires  a  peculiar  smell  similar  to 
'that  of  ambergrise  or  musk  :  bile  itself,  too,  acquires  this 
smell  on  being  kept,  and  communicates  it  to  the  water 
distilled  from  it.  When  the  extract  of  bile,  as  the  sub- 
stance which  is  obtained  by  evaporation  of  the  watery 
part  is  named,  is  exposed  to  a  heat  gradually  raised.  It  is 
decomposed  ;  a  portion  of  water  having  a  foetid  odour, 
and  containing  sulphuretted  hydrogen,  distils  over  ;  a  li- 
quid next  passes,  brown  and  very  foetid,  and  containing 


*  Moraoires  de  I'Acnd.  des  Sciences,  1767. 
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carbonate  and  acetate  of  ammonia  ;  this  is  succeedj'd  bv 
an  oil,'  at  first  thin  and  light,  but  which  soon  becv>nies 
thick,  brown,  and  empyreumatic  ;  more  carbonato  of  am- 
monia sublimes,  and  there  passes  over  a  large  quantity  of 
elastic  fluid,  consisting  of  carbonic  acid,  carburetted  and 
sulphuretted  hydrogen  gases.  There  remains  a  black 
spongy  charcoal,  which  burns  easily,  and  which,  when 
left  exposed  to  the  air,  affords  an  efflorescence  of  carbon- 
aie  of  soda.  By  incineration,  there  is  obtained  from  it 
carbonate  of  soda,  amounting  to  nearly  half  its  weight, 
with  a  little  muriate  of  soda,  and  some  traces  of  iron  *, 
and,  according  to  Fourcroy,  phosphate  of  soda  and  phos- 
phate of  lime.  The  dry  matter  obtained  by  the  evapora- 
tion in  this  experiment  takes  fire  if  heated  under  free  ex- 
posure to  the  air,  and  yields  the  same  salts  after  the  com- 
bustion, and,  according  to  Thenard,  a  small  portion  of 
sulphate  of  soda. 

Bile  mixes  readily  with  water  in  every  proportion,  and 
even  in  its  inspissated  state  is  readily  dissolved  by  it.  The 
solution  changes  the  colour  of  violet,  or  mallow,  to  a 
green,  indicating  the  presence  of  a  free  alkali. 

The  acids  decompose  bile.  If  a  few  drops  of  acid  be 
added,  little  or  no  precipitation  is  occasioned,  but  a  liquor 
of  a  reddish  tint  is  obtained.  If  more  acid,  however,  be 
added,  a  copious  precipitate  is  formed  of  a  greenish  co- 
lour, especially  when  thrown  down  by  muriatic  acid  ;  af- 
ter some  hours,  as  Cadet  observed,  much  of  this  coagu- 
lum  disappears,  and  there  remains  on  the  filtre  a  substance 
with  a  greenish  or  yellowish  tinge,  and  which,  as  is  im- 
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medlntely  to  be  observed,  is  similar  in  its  properties  to  al- 
bumen. The  liquor  obtained  clear  by  filtration,  has  an 
extrenricly  bitter  taste  ;  when  evaporated,  it  deposites 
flakes,  tenacious  and  inflammable,  melting  and  burning 
when  kindled,  with  much  smoke  like  a  resin,  and  soluble 
in  alkohol.  The  liquor  poured  off  from  this  precipitate 
contains  soda,  as  it  aflbrds,  by  evaporation,  the  salt  form- 
ed by  the  union  of  soda  with  the  acid  that  has  been  em- 
ployed in  the  experiment  *. 

These  phenomena  are  best  produced  by  the  muriatic 
acid  y  the  other  acids  produce  effects  in  some  measure 
peculiar.  Concentrated  sulphuric  acid  separates  from  it 
dense  flocculi,  and  gives  it  a  deep  colour  ■,  diluted  sulphu- 
ric acid  renders  it  intensely  green.  Muriatic  acid  also  pre- 
cipitates it  of  a  green  colour,  which  from  heat  assumes  a 
violet  tinge.  Nitric  acid  precipitates  it  green  in  the  cold, 
but,  when  heated,  assumes  a  red,  and  ultimately  a  grey 
colour  ;  by  evaporation  it  assumes  a  golden  yellow  colour, 
and  the  bile  is  converted  partly  into  oxalic  and  prussic 
acids.  Oxymuriatic  acid  whitens  it  and  renders  it  turbid, 
by  coagulating  its  albumen,  and  at  the  same  time  it  con- 
verts its  resin  into  a  white  fatty  substance  f . 

The  action  of  alkohol  on  bile  affords  results  which  point 
out  still  more  clearly  the  nature  of  its  immediate  princi- 
ples. When  the  alkohol  is  poured  upon  it,  a  coagulum 
is  immediately  formed,  which  floats  in  a  liquid  of  a  green 
colour.  When  this  is  separated  by  filtration,  there  remains 
on  the  filtre  a  white  viscid  substance,  having  scarcely  any 

*  Cadet,  Mcmoires  de  I'Acad.  des  Sciences.  17o7,  p.  34'0, 
i  Fourcroy,  ibid.  1789,  p.  315. 
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bitter  taste  and  very  putrescible,  approaching  therefore  in 
its  properties  to  albumen,  and  which  has  hence  received 
the  name  of  the  Albumen  of  Bile.  It  can  likewise  be  se- 
parated, though  imperfectly,  by  heat,  bile  becoming  thick 
when  its  temperature  is  raised  to  170*^,  independent  of 
any  evaporation  ;  and  it  is  it,  as  has  already  been  remark- 
ed, which  forms  the  basis  of  the  coagulum  separated  by 
the  acids  ;  it  is  insoluble  by  itself  in  water,  but  it  com- 
bines with  soda  and  is  rendered  soluble. 

When  the  filtered  liquor  obtained  in  the  coagulation  of 
bile  by  alkohol  is  examined,  it  is  found  to  retain  thd  green 
colour  and  the  very  bitter  taste  of  the  bile  itself.  Being 
evaporated,  it  afFords  a  concrete  substance  of  the  same  co- 
lour, inflammable,  fusible  at  120'^,  soluble  again  in  alko- 
hol, and  precipitated  by  the  affusion  of  water.  It  is  also 
soluble  in  the  alkalis,  from  which  it  is  precipitated  by  acids. 
From  these  properties,  in  which  it  approaches  closely  to 
the  vegetable  resins,  it  has  been  named  the  Resin  of  the 
Bile,  and  it  appears  to  be  the  principle  in  which  the  co- 
lour, odour,  taste,  and  probably  the  most  important  pro- 
perties of  the  bile  reside. 

Besides  these  principles.  Cadet  observed,  that  there  ex- 
ists in  the  bile  a  kind  of  saccharine  matter,  which  ap- 
proaches in  its  properties  to  the  sugar  of  milk.  He  re- 
marks, that  Verheyen  had  alluded  to  the  saccharine  taste 
which  is  found  in  the  bile  when  it  has  been  thickened  by 
evaporation,  and  again  dissolved  in  water  ;  but  the  principle 
on  which  this  depends,  had  not  been  discovered  prior  to 
his  researches.  He  recognised  it  in  different  experiments. 
Thus,  when  bile  was  decomposed  by  muriatic  acid,  and 
the  muriate  of  soda  obtained  by  evaporation  of  the  residual 
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pure  liquor,  he  found  among  the  crystals  of  this  salt,  ano- 
ther matter  in  trapezoidal  crystals,  in  which  he  observed 
the  resemblance  in  taste  to  sugar  of  milk.  And  he  also 
procured  it  by  decomposing  bile  by  nitric  acid  j  it  remains 
in  the  residual  liquor  when  the  coagulum  has  been  se- 
parated, united  with  a  portion  of  the  oily  or  resinous  mat- 
ter ;  on  saturating  this  liquor  with  an  acid,  this  saccharine 
salt^  as  Cadet  regards  it,  is  precipitated,  the  alkali  attract- 
ing the  acid  and  the  oily  matter.  It  has  been  more  lately 
investigated  by  Thenard.  To  separate  it,  he  added  to 
bile  sub-acetate  of  lead,  that  is,  acetate  of  lead  boiled  with 
about  one- eighth  of  its  weight  of  litharge;  the  whole  of 
the  albumen  and  resinous  matter  were  precipitated  in 
combination  with  oxide  of  lead  ;  the  liquor  being  filtered, 
the  excess  of  lead  remaining  in  it  was  separated  by  sul- 
phuretted hydrogen  •,  and  by  evaporation  of  the  liquid  af- 
ter this  operation,  a  substance  was  obtained,  the  taste  of 
which  was  at  once  saccharine  and  acrid.  This  matter 
was  not  perfectly  pure,  it  contained  a  considerable  quan- 
tity of  acetate  of  soda  formed  from  the  union  of  the  soda 
of  the  bile  with  the  acetic  acid  of  the  acetate  of  lead.  To 
free  it  from  this,  he  precipitated  the  matter  by  adding  an 
acetate  of  lead  still  more  highly  charged  with  oxide,  than 
that  he  had  before  employed  :  the  precipitate  consisted  of 
this  matter,  and  oxide  of  lead  combined  ;  it  was  dissolved 
in  vinegar  :  the  oxide  of  lead  was  then  removed  by  sul- 
phuretted hydrogen,  the  acid  was  expelled  by  evaporation, 
and  the  peculiar  matter  was  obtained  pure.  He  has 
given  to  it  the  name  of  Picromel. 

This  matter,  Thenard  found  to  be  soluble  in  water  and 
iii  alkohol    it  is  not  crystallizable ;  it  does  not  ferment 
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with  yeast ;  it  precipitates  the  solutions  of  nitrate  of  mer- 
cury, and  those  of  iron,  and  of  sub-acetate  of  lead;  is  not  af- 
fected by  infusion  of  galls ;  and  forms  with  soda  and  resin 
of  the  bile  a  compound  not  decomposed  by  acids,  alkalis 
or  earths. 

Its  most  important  property  is  that  of  dissolving  the  re- 
sinous matter  of  the  bile.  This  matter  had  always  beei;i 
supposed  to  be  dissolved  by  the  alkali  which  experiments 
proved  the  bile  to  contain,  and  from  which  the  sapona- 
ceous quality  of  this  fluid  was  supposed  to  be  derived. 
But  Thenard  found  that  the  quantity  of  alkali  is  not  suf- 
ficient for  this  purpose  having  discovered  the  solvent 
power  of  the  above  substance  on  the  resin,  he  supposed 
that  it  is  by  its  medium  that  the  resin  is  kept  in  solution. 
On  submitting  this,  however,  to  experiment,  he  unexpect- 
edly found,  that  its  solvent  power  is  not  sufficient  to  retain 
the  whole  dissolved  ;  it  only  renders  soluble  about  three- 
fourths  of  its  weight  of  the  resinous  matter,  while  in  the 
bile  their  weights  are  about  equal.  By  farther  investiga- 
tion, he  found,  that  the  soda  contained  in  the  bile  contri- 
butes to  the  solution  of  the  resin  ;  the  resinous  matter, 
picromel  and  soda,  forming  a  ternary  soluble  combination, 
which,  with  a  little  albumen  and  certain  salts,  constitute 
the  bile. 

The  saline  substances  which  the  bile  contains,  are,  be- 
sides the  soda,  the  existence  of  which  has  been  already 
stated,  muriate,  sulphate,  and  pvhosphate  of  soda,  phos- 
phate of  lime,  and  oxide  of  iron.  Thenard  gives  the  fol- 
lowing as  the  proportions  of  the  immediate  principles  of 
tdOO  parts  <«>f  this  fluid  :  water  700  parts,  resinous  matter 
24,  saccharine  substance  or  picromel  60,  yellow  albumi- 
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nous  matter  i,  soda  4,  phosphate  of  soda  2,  muriate  of  so- 
da 3.2,  sulphate  of  soda  0.8,  phosphate  of  lime  1.2,  oxide 
of  iron,  a  minute  trace. 

Little  was  known  with  regard  to  the  varieties  of  the 
bile  in  different  animals.  Thenard  has,  however,  recently 
instituted  some  inquiries  on  this  subject.  His  first  experi- 
ments, already  taken  notice  of,  were  made  on  ox  bile  ;  that 
of  the  sheep,  dog,  and  cat,  he  found  to  be  perfectly  similar 
to  it ;  that  of  the  hog  is  very  different ;  it  does  not  contain 
either  albuminous  matter,  or  picromel,  but  contains  only 
resin  in  large  quantity,  with  soda,  and  some  saline  sub- 
stances.   The  bile  of  birds,  though  it  has  a  great  analogy 
with  that  of  quadrupeds,  differs  from  it  in  the  following 
respects :  It  contains  a  large  quantity  of  albuminous  mat- 
ter ;  the  picromel  obtained  from  it  is  not  sensibly  saccha- 
rine, but  extremely  bitter  and  acrid  ;  there  are  only  mi- 
nute traces  of  soda  ;  and  acetate  of  lead  does  not  precipi- 
tate its  resinous  matter.    The  bile  of  fishes,  it  is  known, 
is  usually  less  bitter  than  that  of  quadrupeds.  Thenard 
found,  that  that  of  the  thornback  and  the  salmon  is  of  a 
yellowish  white  colour    it  affords  by  evaporation  -a  mat- 
ter very  sweet,  and  slightly  acrid,  and  it  appears  to  contain 
no  resin  :  that  of  the  carp  and  the  eel  is  very  green,  ex- 
tremelybitter,  contains  little  albuminousmatter,  and  affords 
soda,  resin,  and  a  matter  sweet  and  acrid  similar  to  that 
from  the  bile  of  the  salmon.    Human  bile  is  described  by 
Thenard  as  varying  in  colour,  being  sometimes  green, 
more  frequently  of  a  brownish  yellow,  sometimes  colour- 
less ;  its  taste  is  very  bitter  •,  it  is  rarely  perfectly  limpid, 
but  contains  a  quantity  of  yellow  matter  in  suspension. 
It  becomes  turbid  on  boiling,  and  by  evaporation  affords 
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a  brown  mass  equal  to  ?.n  eleventh  part  of  the  bile  eva- 
porated, which  when  calcined  afforded  the  same  saline  sub- 
stances as  ox  bile.  The  acids  decompose  it,  and  throw 
down  an  abundant  precipitate  of  albumen  and  of  resin. 
Acetate  of  lead  changes  it  into  a  liquor  slightly  yelloW,  in 
which  no  picromel  is  found,  and  which  contains  only 
acetate  of  soda,  and  some  traces  of  animal  matter.  He 
gives  the  following  as  the  composition  of  1100  parts  of 
human  bile  :  1000  of  water,  from  2  to  10  of  a  yellow  mat- 
ter insoluble,  which  is  suspended  in  the  bile,  42  of  albu- 
men, 41  of  resin,  5.6  of  soda,  and  4.5  of  phosphates  of 
soda  and  lime,  sulphate  and  muriate  of  soda,  and  oxide  of 
iron.  It  is  no  doubt  varied  by  disease.  Thenard  has  ad- 
ded, that  when  the  liver  is  enlarged,  the  bile  which  it  se- 
cretes appeared  to  be  less  resinous ;  and  when  the  disease 
is  much  advanced,  it  is  principally  albuminous,  without 
much  bitterness  *. 


There  are  frequently  formed  in  the  gall  bladder  small 
concretions,  derived,  probably,  from  changes  the  bile  suf- 
fers while  it  remains  in  that  organ.  These  have  been 
named  Biliary  Calculi,  and  have  been  repeatedly  subjects 
of  chemical  investigation.  They  are  not  altogether  uni- 
form in  their  appearance,  but  vary  in  their  colour,  texture, 
and  hardness,  and  in  their  chemical  characters. 

The  most  common  kind  are  of  a  lamellated  structure, 
or  composed  of  a  substance  having  much  resemblance  to 
the  animal  fat  named  Spermaceti,  disposed  in  crystalline 
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laminae.  *  This  peculiar  matter  appears  first  to  have  been 
taken  notice  of  by  Poulletier  de  la  Salle.  He  found,  that 
when  these  calculi  are  digested  in  alkohol,  the  liquid,  on 
cooling,  deposites  brilliant  crystalline  flakes.  Fourcroy, 
examining  this  matter  *,  found,  that  it  has  a  close  resem- 
blance in  its  properties  to  that  species  of  animal  fat  which 
he  has  distinguished  by  the  name  of  Adipocire,  and  of 
which  Spermaceti,  as  well  as  the  fatty  matter  formed  from 
animal  substances  under  certain  circumstances,  are  varie- 
ties. The  characters  of  this  substance  are  sufliciently  pre- 
cise. It  melts,  but  requires  a  heat  superior  to  that  of 
boiling  water :  in  fusion  it  has  a  smell  like  wax,  and  on 
cooling,  forms  a  substance  which  breaks  into  crystalline 
laminse.  It  is  not  soluble  in  alkohol  in  the  cold  j  but  when 
the  alkohol  is  boiled  on  it,  it  is  dissolved  in  a  proportion, 
according  to  Fourcroy,  of  one  part  in  nineteen, — accord- 
ing to  Dr  Bostock,  one  in  thirty  f .  The  solution,  when 
it  cools,  deposites  light  brilliant  scales.  It  is  soluble  in 
other  in  the  cold,  and  more  abundantly  if  the  ether  be 
heated.  Oil  of  turpentine  dissolves  in  general  biliary  cal- 
culi •,  and  according  to  Gren,  it  dissolves  those  which  con- 
sist almost  entirely  of  this  peculiar  matter ;  yet  Dr  Bos- 
tock has  remarked,  that  oil  of  turpentine  acts  on  it  with 
difficulty,  and,  even  when  digested  with  it  at  a  boiling 
heat,  dissolves  it  In  a  small  degree  only.  Pure  soda  and 
potassa  dissolve  it  completely,  and  i-educe  it  to  a  sapona^ 
ceous  state.  Ammonia,  as  Dr  Bostock  has  remarked,  ex- 
erts little  action  on  it,  except  when  boiling.    Nitric  acid 


*  Memoires  de  I'Acad.  des  Sciences,  1789,  p.  323. 
t  Nicholson's  Journal,  Svo,  vol.  iv.  p.  137. 
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dissolves  It,  and,  according  to  Fourcroy,  converts  it  into 
a  species  of  liquid  similar  to  the  oil  of  camphor.  This, 
as  Dr  Bostock  has  remarked,  becomes  concrete,  but  with- 
out any  crystalline  structure,  and  is  more  soluble  in  ether 
and  the  alkalis  than  the  original  matter. 

This  substance,  Fourcroy  has  observed,  is  contained  in 
greater  or  less  quantity  in  nearly  all  the  human  biliary  cal- 
culi, more  or  less  intermixed  with  other  matter,  but  still 
so  far  predominant  as  to  form  their  basis.  Hence  they 
partake  of  its  properties  ;  are  fusible,  inflammable,  and 
more  or  less  soluble  in  the  re-agents  which  dissolve  it. 
Their  texture  is  laminated  or  radiated  :  some  are  found 
in  which  it  is  nearly  pure,  and  which  consist  of  layers, 
soft  and  brilliant ;  in  others,  it  is  intermixed  with  a  yel- 
lowish or  greenish  matter,  and  in  some,  this  matter  is  in 
so  large  a  proportion,  that  the  adipocire  is  disguised,  and 
is  discovered  only  by  its  deposition,  when  the  calculus  has 
been  dissolved  by  hot  alkohol ;  and  often  the  calculus  con- 
'sists  of  layers,  which,  from  their  colour,  appear  to  consist 
of  these  principles  in  different  proportions.  This  matter, 
Thenard  has  stated  to  be,  what  he  calls  the  yellow  or  al- 
buminous substance  of  the  bile. 

Other  calculi  are  sometimes  found,  particularly  in  the 
gall-bladder  of  quadrupeds,  which  have  been  supposed  to 
consist  chiefly  of  inspissated  bile  :  they  are  granulated, 
irregular,  and  various  in  their  consistence  and  form.  It 
is  to  be  remarked,  however,  that  though  this  kind  of  mat- 
ter, forming  the  basis  of  these,  and  more  or  less  mixed 
with  the  adipocire  in  other  biliary  calculi,  may  be  deriv- 
ed from  inspissation  of  the  bile,  yet  it  must  have  under- 
gone some  farther  change;  for,  as  Dr  Bostock  has  remark- 

P  p  2 


596  OF  BILIARY  CALCULI. 

ed,  it  is  nearly  insoluble  both  in  boiling  water  and  in  al- 
kohol.  Thenard  has  stated,  that  the  biliary  calculi  in  the 
ox  are  always  homogeneous,  and  consist  of  successive  layers 
of  the  yellow  or  albuminous  matter  of  the  bile. 

To  point  out  the  distinction's  among  all  these  calculi 
from  their  mechanical  structure,  is  foreign  to  their  che- 
mical history. 


SECT.  VITI. 

OF  VRIXE.  OF  UREE.  OF  URIC  ACID.  OF  URINARY  CAIXULT. 

The  fluid,  secreted  by  the  kidneys,  is  excrementitlous, 
or  is  designed  to  convey  from  the  body  matter  which,  if 
retained,  might  prove  injurious.  It  contains  more  saline 
substances  than  any  other  secretion,  mixed,  however,  with 
other  animal  principles,  which  give  it  appropriate  charac- 
ters. Some  of  these  are  even  peculiar  to  it ;  and  hence 
its  chemical  history  is  of  much  importance,  and  has  been 
the  subject  of  many  laborious  investigations.  To  these 
we  owe  the  discovery  of  phosphorus,  which  was  first  ob- 
tained from  this  fluid  ;  and  more  lately,  the  discoveries 
of  the  principle  named  Urce,  and  of  the  Uric  Acid.  Mar- 
graaf  began  the  scientific  investigation  of  its  composition. 
Some  facts  were  discovered  by  Rouelle  *.  Scheele  dis- 
covered the  uric  acid,  and  pointed  out  the  existence  of 
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some  other  principles  *.  Cruickshank  added  a  number  of 
important  facts  on  the  modes  of  analysis,  pointed  out  more 
clearly  the  principles  existing  in  urine,  both  in  a  healthy 
and  a  morbid  state,  and  distinguished  the  peculiar  animal 
matter  which  it  contains  f .  The  nature  of  this  principle, 
and  its  peculiar  characters,  were  more  amply  developed 
by  Fourcroy  and  Vauquelin-,  and  a  very  full  view  has  been 
given  of  the  chemical  history  of  urine,  in  two  memoirs  by 
these  chemists  if. 

The  colour  of  urine,  when  it  is  newly  discharged,  is 
pale  yellow  :  its  odour  is  peculiar,  but  not  strong  nor  foe- 
tid, such  as  it  becomes  when  it  has  stood  for  some  time : 
its  consistence  and  specific  gravity  are  rather  greater  than 
those  of  water  :  it  is  transparent,  but  becomes  more  or 
less  turbid  as  it  cools.  These  qualities,  however,  are  al- 
ways liable  to  variation,  according  to  the  length  of  time  it 
has  remained  in  the  bladder  after  having  been  secreted, 
and  according  to  the  diet,  the  quantity  of  drink,  and  other 
circumstances  which  influence  the  secretion. 

Urine,  examined  when  immediately  discharged,  is  in 
general  sensibly  acid,  and  reddens  the  infusion  of  litmus. 
This  acidity,  it  has  been  supposed,  to'  owe  principally  to 
the  presence  of  phosphoric  acid,  but,  according  to  The- 
nard,  it  is  acetic  acid  ;  benzoic  acid  is  often  present ; 
and  there  is  always  contained  in  it  an  acid  peculiar  to 
urine  and  urinary,  calculi,  and  hence  named  Lithic  or 
Uric  Acid.    But  in  a  very  short  time,  from  the  sponta- 
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neous  decomposition  of  a  principle  contained  in  it,  liiat 
named  Urce,  a  quantity  of  ammonia  is  evolved,  which  not 
only  neutralizes  these  acids,  but  renders  the  urine  alka- 
line. Previous  to  this,  however,  and  as  the  urine  cools, 
it  deposites,  unless  it  has  been  in  a  very  dilute  state,  part 
of  the  uric  acid  which  it  contains,  in  minute  crystals  of  a 
reddish  colour,  and  in  some  states  of  the  system  this  de- 
position is  even  abundant,  forming  principally  what  is 
named  the  Lateritious  Sediment.  The  deposition  of  this 
is  soon  interrupted,  from  the  evolution  of  ammonia,  which 
neutralizes  it ;  urate  of  ammonia  is  deposited  ;  free  phos- 
phoric acid,  if  present,  is  likewise  saturated,  ^md  the  pro- 
portion of  phosphate  of  ammonia  thus  increased  ;  and  the 
neutral  phosphates  of  lime  and  of  magnesia,  which  were 
retained  in  solution  by  the  free  acid,  are  deposited,  the 
latter  attracting  a  portion  of  ammonia,  so  as  to  forma  tri- 
ple phosphate  of  ammonia  and  magnesia.  The  benzoic 
acid  passes  to  the  state  of  benzoate  of  ammonia  ;  and  ace- 
tic acid,  if  it  is  present,  must  ec^ually  be  neutrahzed  by 
ammonia.  As  the  decomposition  proceeds,  the  ammonia- 
cal  odour  becomes  strong,  and  at  length  the  urine  is  high- 
ly alkaline,  from  the  presepce  of  carbonate  of  ammonia, 
so  as  to  change  the  vegetable  colours  to  a  green,  and  even 
to  effervesce  with  acids.  In  this  state  it  likewise,  accord- 
ing to  Fourcroy  and  Vauquelin,  contains,  neutralized  by 
ammonia,  a  portion  of  acetic  acid,  derived,  as  well  as  the 
ammonia  and  the  carbonic  acid,  from  the  decomposition 
of  the  urce.  If  kept  until  the  whole  of  this  urce  has  been 
decomposed,  there  may  be  obtained  from  it,  by  evapora- 
tion, its  remaining  salts,  which  are  principally  phosphates 
and  muriates,  with  bases  of  ammonia,  soda,  magnesia,  and 
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lime.  During  the  progress  of  this  spontaneous  decompo- 
sition too,  a  mucous  or  albuminous  animal  matter  is  de- 
posited in  flocculi,  at  first  very  light  and  of  a  pale  colour, 
but  becoming  more  dense  and  dark  ;  and  in  some  states 
of  the  urine,  the  proportion  of  this  is  even  greater  than  of 
saline  matter  :  Sometimes  the  ammoniacal  pungency  is 
less  strong,  or  is  scarcely  apparent,  and  a  mouldiness  or 
acescency  rather  marks  the  decomposition. 

The  acid  contained  in  recent  urine  in  a  free  state,  is 
principally  the  one  denominated  Lithic  or  Uric,  and  which 
though  present  in  very  variable  quantities,  is  contained 
more  or  less  in  all  urine.  Even  when  it  is  not  spontane- 
ously deposited,  it  may  be  detected  by  its  tests,  particu- 
larly by  the  pink  colour  which  it  gives  with  nitric  acid  •, 
it  is  often  made  to  precipitate,  by  concentratmg  the  urine 
by  evaporntion,  or  it  may  be  thrown  down  by  the  addi- 
tion of  an  acid. 

Uric  acid  scarcely,  however,  reddens  the  vegetable  co- 
lours, and  as  litmus  is  fully  reddened  by  recent  urine,  it 
is  evident,  that  some  otlicr  free  acid  must  be  present.  It 
has  usually  been  supposed  to  bo  the  phosphoric,  princi- 
pally from  the  circumstance,  that  phosphate  of  lime  is  pre- 
sent, which  requires  an  excess  of  this  acid  to  retain  it  in 
solution.    But  Thcnnrd  hns  maintained  that  it  is  the  ace- 
tic.   He  evaporated  urine,  nearly  to  dryness,  employing 
the  heat  of  a  water-bath,  that  he  miglit  not  decompose 
the  uree.    The  residual  matter  being  acid,  lie  treated  it 
repeatedly  with  alkohol,by  which  the  greater  part,  though 
not  the  whole  of  the  acid,  was  dissolved.    The  solution 
was  evaporated,  and  the  thick  matter  being  diluted  with 
water,  gave  no  precipitate  on  the  addition  of  liftie  water, 
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and  ammonia,  or  at  least  only  a  very  slight  one,  long  af- 
ter the  mixture  was  made, — a  proof  that  it  did  not  con- 
tain phosphoric  acid.  On  evaporation  of  the  matter  to 
dryness,  this  free  acid  was  destroyed  by  calcination, — a 
proof  of  its  being  an  acid  with  a  compound  base,  and  by 
adding  to  the  solution  of  the  acid  residuum  of  the  first 
evaporation,  barytes,  acetate  of  barytes  was  procured. 
Thenard  concludes,  therefore,  that  it  is  acetic  acid  which 
forms  chiefly  the  free  acid  in  recent  urine  *.  The  con- 
clusion, I  may  remark,  is  not  altogether  certain  ;  for,  on 
the  one  hand,  much  of  the  acetic  acid  obtained  might  be 
formed  from  decomposition  of  the  uree,  and,  on  the  other, 
phosphoric  acid,  though  present,  might,  from  the  affinity 
exerted  towards  it  by  the  alkaline  and  earthy  bases,  not 
be  dissolved  by  the  alkohol,  and  in  Thenard's  mode  of 
analysis  would  not  appear.  It  is  no  doubt  possible,  how- 
ever, that  it  may  be  acetic  acid  w^hich  gives  acidity  to  re- 
cent urine,  and  which  retains  the  earthy  phosphates  dis- 
solved. 

A  portion  of  benzoic  acid  is  also  often  present  in  urine, 
as  Scheele  discovered.  Thenard  has  found,  however,  that 
it  is  also  often  wanting,  even  when  the  urine  is  acid.  In 
the  urine  of  children,  as  well  as  that  of  horses  and  cows, 
it  is  often  contained  in  considerable  quantity  ;  in  which 
case  the  other  acids  exist  in  smaller  proportion,  and  the 
uree  appears  also  to  be  deficient.  Hence,  by  mere  eva- 
poration of  the  urine,  and  the  application  of  a  sufficient 
heat  to  the  residual  matter,  the  benzoic  acid  is  sublimed. 
It  is  also  precipitated  when  muri.itic  acid  is  dropped  into 
the  urine,  evaporated  to  the  consistence  of  syrup. 


*  Nicholson's  Journal,  vol.  xix.  p.  69. 
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When  urine  is  exposed  to  a  gentle  heat,  water,  holding 
carbonate  of  ammonia  in  solution,  is  evaporated  j  the  pro- 
portion of  which  increases,  as  the  evaporation  proceeds. 
The  liquid  becomes  turbid,  darker  in  its  colour,  and  strong- 
er in  its  odour  j  and  a  flocculent  matter,  with  a  whitish 
powder,  are  precipitated  :  the  former  being  supposed,  by 
Fourcroy  and  Vauquelin,  to  be  albumen,  the  latter  being 
phosphate  of  lime  and  uric  acid.  When  reduced  to  the 
consistence  of  thin  syrup,  if  put  aside,  it  passes  to  the 
state  of  a  confusedly  crystallized  mass.  If  the  liquor  pour- 
ed from  this  be  evaporated,  this  is  repeated  ;  and  in  this 
way  several  successive  formations  of  crystals,  irregular, 
and  of  a  brownish  colour,  take  place,  leaving  at  length  a 
liquor,  deep  coloured  and  of  a  thick  consistence,  in  which 
the  uree  exists  in  a  stat^  of  solution. 

The  saline  mattef  obtained  from  urine  by  evapora- 
tion has  long  been  a  subject  of  chemical  investigation  : 
it  was  known  to  the  alchemists,  and  it  engaged  the  atten- 
tion successively  of  Margraaf,  Pot,  Rouelle,  and  Schcele. 
It  had  received  the  absurd  name  of  Microcosmic  Salt, 
and,  from  its  fusibility,  had  also  been  named  Fusible  Salt 
of  Urine.  It  was  known  to  afford  phosphorus  by  distil- 
lation. Margraaf  recognised  in  it  the  presence  of  muri- 
ate of  soda  and  phosphate  of  ammonia  and  likewise  phos- 
phate of  soda,  without,  however,  being  fuliy  acquainted 
with  the  nature  of  this  last  salt :  he  observed  too,  that  it  is 
the  phosphate  of  ammonia  alone  which  affords  phosphorus, 
in  the  usual  process  of  obtaining  it  from  urine.  Rouelle 
distinguished  more  clearly  the  phosphates  of  ammonia 
and  soda,  and  described  the  methods  of  separating  and 
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purifying  them.    He  announced  also  the  presence  of  mu- 
riate of  pota'^sa,  which  had  been  before  conrounded  with 
the  muriate  of  soda,  and  which,  it  now  appears,  is  pre- 
sent even  in  larger  quantity  than  the  salt.    He  supposed, 
that  he  had  likewise  extracted  sulphate  of  soda  ;  but  as 
this  has  not  been  found  by  other  chemists,  there  is  reason 
to  believe  that  he  had  been  deceived,  and  had  mistaken 
for  it  the  phosphate  of  soda,  or,  ^s  Fourcroy  has  observed, 
the  triple  phosphate  of  ammonia  and  magnesia>.    The  sul- 
phate of  lime,  which  he  also  supposed  he  had  discovered 
in  this  saline  mass,  it  appears  from  the  subsequent  disco- 
very of  Scheele,  is  phosphate  of  lime.    Fourcroy  and 
V auquelin  have  since  discovered  the  phosphate  of  magne- 
sia :  and  Berzelius  has  detected  in  urine  a  small  portion  of 
fluate  of  lime,  derived  probabljf  by  absorption  from  the 
bones,  in  which  he  has  found  thi^  earthy  salt  to  exist. 
These  salts  then, —  the  phosphate  of  soda,  the  phosphate 
of  ammonia,  phosphate  of  magnesia,  phosphate  of  lime, 
muriate  of  soda,  muriate  of  potassa,  muriate  of  ammonia, 
and  the  triple  compounds  of  phosphate  of  soda  and  am- 
monia, and  phosphate  of  magnesia  and  ammonia,  with  a 
portion  of  uric  acid,  more  or  less  saturated  with  ammonia, 
and  uree,  compose  the  crystallized  mass  obtained  by  the 
evaporation  of  urine.     They  exert,  it  is  to  be  remarked, 
mutual  aiTinities,  in  consequence  of  which  their  perfect 
separation  is  difficult,  and  they  even  modify  their  respec- 
tive properties  :  the  muriate  of  soda,  for  example,  in  cry- 
stallizing, takes  the  form  of  an  octacdron,  and  not,  as 
when  pure,  that  of  a  cube ;  and  the  muriate  of  ammonia, 
instead  of  appearitig  un Jer  its  usual  form  of  a  prism,  crys- 
tallizes in  cubes.  These  modifications,  according  to  V^^v 
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croy  and  Vauquelin,  are  owing  principally  to  the  action 
of  the  uree  on  the  saline  matter.  It  is  also  to  be  observ- 
ed, that  all  these  salts  do  not  pre-exist  in  the  urine  those 
containing  ammonia  derive  this  alkali  partly  from  its  for- 
mation during  the  evaporation. 

-  It  is  difficult  to  determine  the  proportions  of  these  to 
each  other,  as  they  are  liable  to  considerable  variation 
from  the  circumstances  influencing  the  secretion.  Mr 
Cruickshank,  in  his  analysis  of  urine,  undertaken  in  the 
course  of  Dr  RoUo's  investigation  of  the  nature  of  dia- 
betes, has  given  the  most  precise  information  on  this 
point,  and  indeed  the  most  valuable  information  we  have 
with  regard  to  the  analysis  of  urine  *.  "  By  evaporation 
36  oz.  yield  a  residuum,  varying  from  one  ounce  to  one 
and  a  half ;  this  consists  of  the  muriates  of  potash  and 
soda,  the  phosphates  of  soda,  lime,  and  ammonia,  the 
phosphoric  and  litliic  acids,  with  animal  extractive  mat- 
ter. Their  relative  proportions  in  a  healthy  state  may  be 
nearly  as  follows  : 

oz.  dr.  gr. 

Muriatic  salts,  0  10 

Phosphoric  salts,  0    3  50 

Lithic  acid  and  phosphate  of  lime, 

with  excess  of  acid,  0    0  25 

Animal  extractive  matter,  (uree),    0    3  -l-O 

"  The  neutral  salts,  when  purified  by  crystallization, 
are  generally  very  fusible  ;  but  this  circumstance  varies 
much,  according  to  the  greater  or  less  proportion  of  phos- 


*  RoUo  on  Diabetes,  2d  edit. 
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phoric  salts,  more  particularly  the  phosphate  of  ammonia, 
on  which  their  fusibility  in  a  great  measure  depends  :  in- 
stead of  melting,  this  saline  matter  sometimes  decrepitates 
when  suddenly  heated,  owing  to  an  excess  of  the  muri- 
atic salts  :  of  these  last  it  may  be  observed,  that  the  mu- 
riate of  potash  is  in  general  the  most  prevalent,  and  is  ea- 
sily distinguished  from  the  muriate  of  soda,  by  its  crystal- 
lizing in  some  degree  by  cooling,  and  by  its  affording 
cream  of  tartar  on  the  addition  of  acid  of  tartar. 

"  In  recent  urine,  the  ammoniacal  salts  bear  a  very  small 
proportion ;  but  when  it  has  become  stale  or  putrid,  they 
are  much  more  abundant.  The  phosphate  of  ammonia  is 
the  principal,  although  we  have  likewise  met  with  the 
muriate  of  ammonia.  , 

*'  The  lithic  acid  and  phosphate  of  lime  are  generally 
deposited,  at  least  in  a  great  measure,  after  the  urine  has 
become  cold,  and  stood  for  some  time  :  the  quantity  of 
the  first  varies  exceedingly,  but  that  of  the  last  we  have 
found,  for  the  most  part,  nearly  the  same,  the  proportion 
being  about  one  grain  to  two  ounces. 

"  These  substances  may  be  easily  distinguished,  by  dis- 
solving them  in  twice  their  weight  of  nitrous  acid,  dilut- 
ed with  a  little  water,  and  evaporating  to  dryness  :  the 
dry  mass,  when  hot,  will  assume  a  beautiful  deep  rose  or 
crimson  colour,  when  the  lithic  acid  is  present,  but  will 
continue  white  if  heated  even  to  redness,  or  have  only  a 
slightly  greenish'  tinge  when  there  is  nothing  but  phos- 
phate of  lime.  Their  relative  proportions  may  be  ascer- 
tained by  exposing  the  mixed  mass  for  some  time  to  a  red 
heat  in  a  crucible ;  in  which  case,  the  lithic  acid  will  ei- , 
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ther  burn  out  or  evaporate,  leaving  the  phosphate  in  a 
pure  state. 

**  The  quantity  of  extractive  matter  is  more  variable 
than  that  of  any  other  substance  ;  hysterical,  or  crude 
urine  (as  it  has  been  called),  containing  hardly  any,  while 
that  of  concoction  abounds  with  it." 

If  the  entire  mass  of  urine  be  evaporated,  and  the  solid 
matter  be  urged  by  a  strong  heat,  it  affords  very  foetkl 
carbonate  of  ammonia,  in  large  quantity,  with  a  little 
prussiate  of  ammonia,  an  cmpyrcumatic  oil,  gases  com- 
posed principally  of  carbon  and  hydrogen  :  muriate  of  am- 
monia is  also  sublimed  ;  and  towards  the  end  of  the  pro- 
cess, if  the  heat  be  raised  high,  a  small  quantity  of  phos- 
phorus distils  over,  produced  by  the  decomposition  of  the 
phosphoric  acid  in  the  phosphate  of  ammonia.  It  was  by 
this  method  that  phosphorus  was  procured  by  Kunckel 
and  Boyle.  The  coal  which  remains  at  the  end  of  the 
process  contains  the  salts  which  have  not  been  decom- 
posed,— muriate  of  soda,  and  phosphates  of  soda  and  lime. 

The  action  of  different  re-agents  on  urine  is  instructive, 
as  leading  at  once  to  a  knovv'ledge  of  a  number  of  the 
principles  which  exist  in  it,  some  of  which  could  not 
otherwise  be  easily  recognised.  The  principal  accurate 
observations  on  the  effects  of  these  are  those  of  Scheele, 
Cruickshank,  Fourcroy,  and  Vauquelin. 

The  greater  number  of  the  acids  in  general  produce 
little  sensible  effect  upon  it  in  the  healtliy  state.  The  oxa- 
lic acid  only  gives  a  precipitate,  by  combining  with  th<5 
lime  of  the  super-phosphate  of  lime  which  recent  urine 
*  contains.  If  it  contain  benzoic  acid,  the  muriatic  acid  is 
said  to  precipitate  it.  If  it  be  much  loaded  with  ur? e,  ni- 
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tric acid  throws  down  a  scaly  precipitate  of  a  pearly  lus- 
tre. And,  in  certaia  morbid  states,  as  in  dropsy,  the  a- 
cids  sometimes  occasion  a  milkincss,  or  even  a  coagulation 
of  the  urine,  from  albumen  being  contained  in  it. 

The  fixed  alkalis,  added  to  urine,  throw  down  a  slight 
precipitate,  which  is  phosphate  of  lime,  the  alkali  satura- 
ting the  quantity  of  free  acid  by  which  this  was  kept 
d-issolved.  About  2  grains,  according  to  Cruickshank,  are 
obtained  from  4-  ounces  of  urine.  The  watery  solutions 
of  lime,  barytes,  and  strontites,  produce  still  more  copious 
precipitates,  as  the  salts  they  form  with  the  phosphoric 
acid,  with  which  tliey  unite,  are  insoluble.  The  fixed  al- 
kalis and  lime  disengage  at  the  same  time  an  ammoniacal 
odour,  by  decomposing  the  phosphate  of  ammonia,  and 
partly,  perhaps,  by  causing  a  formation  of  ammonia  from 
the  elements  of  the  urce. 

The  nitrates  and  muriates  of  barytes,  strontites,  and 
lime,  form  precipitates,  by  decomposing  the  phosphates 
contained  in  urine  ;  and  they  may  conveniently  be  em- 
ployed to  discover  the  absolute  quantity  of  this  acid,  the 
precipitate  being  collected,  weighed,  and  dried.  Four 
ounces  of  healthy  urine,  according  to  Cruick?^hank,  yield 
with  muriate  of  barytes  a  precipitate  of  13  grains,  con- 
sisting of  phosphate  of  barytes,  produced  by  the  deconi- 
position  of  the  phosphates  of  soda  and  ammonia ;  a  preci- 
pitate of  1  3  grains  indicates  a  quantity  of  these,  or  of  what 
has  been  more  peculiarly  named  Microcosmic  Salt,  equi- 
valent to  25  grains ;  and,  of  course,  this  test  may  shew 
the  proportion  of  these  salts  in  the  urine.  The  nitrates 
of  silver,  quicksilver,  and  lead,  occasion  a  copious  precipi- 
tation, the  precipitate  consisting  principally  of  phosphoric 
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acid,  but  partly  also  of  muriatic  acid,  with  the  metallic 
oxide.  If  nitrate  or  acetate  of  lead  be  employed,  the 
muriate  of  lead,  it  was  remarked  by  Cruickshank,  may  be 
dissolved,  by  boiling  in  1 8  or  20  times  its  weight  of  wa- 
ter, the  phosphate  of  lead  remaining  undissolved,  and  thus, 
by  weighing  the  original  precipitate,  and  the  loss  it  sus- 
tains in  this  operation,  the  quantities  of  phosphoric  and  of 
muriatic  acids  in  the  urine  may  be  determined.  "  Four 
ounces  of  healthy  urine,  treated  in  this  way,  yield  a  pre- 
cipitate of  31  grains;  this  being  digested  in  distilled  wa- 
ter, 7  grains  were  taken  up,  the  remaining  24?  were  found 
to  be  phosphate  of  lead,  equivalent  to  23  or  24<  grains  of 
microcosmic  salt  *.  The  fluate  of  lime  may  be  discover- 
ed, according  to  Berzelius,  by  treating  the  precipitate  from 
urine  by  lime  water  with  sulphuric  acid,  vapours  being 
exhaled  which  corrode  glass  f . 

Infusion  of  tannin  almost  always  detects  in  urine  a  Ht- 
tle  gelatin,  by  the  cloudiness  it  occasions  or  the  precipi- 
tate it  throws  down  •,  about  4  grains  are  usually  obtained 
from  4  ounces  of  healthy  urine,  and,  in  certain  morbid 
affections,  especially  where  the  digestive  organs  are  im- 
paired in  their  power,  the  quantity  of  gelatin  discovered 
by  this  test  is  con-siderable.  Some  chemists  have  suppos- 
ed, that  the  precipitate  tannin  occasions  may  be  owing  to 
the  presence  of  albumen  ;  and  Fourcroy  and  Vauquelin 
have  observed,  in  proof  of  this,  and  of  the  presence  of  this 
principle,  that  flakes  are  formed  in  urine. merely  by  heat- 
ing it ;  but,  with  regard  to  this,  there  is  some  obscurity, 

*  Cruickshank's  Observations,  Rollo  on  Diabetes. 
]■  Philosophical  Magav.ine,  vol.  xxviii.  p.  507. 
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for  no  coagulation  is  produced  in  it  either  by  acids  or  by 
alkohol,  which  there  ought  to  be,  did  it  contain  albumen. 

It  has  been  stated,  in  the  preceding  account  of  the  ana- 
lysis of  urine,  that  when  it  is  evaporated,  so  as  to  obtain 
the  greater  part  of  its  saline  ingredients  by  precipitation 
or  crystallization,  there  remains  a  liquid  of  a  dark  colour, 
thick  consistence,  and  uncrystallizable^  having  the  more 
evident  urinous  properties.  This  is  principally  a  solution 
of  the  peculiar  animal  principle  contained  in  urine.  Ob- 
tained by  evaporation,  in  a  state  of  more  or  less  intermix- 
ture with  the  saline  ingredients,  it  was  named,  by  the 
older  chemists,  Extract  of  Urine.  It  had  been  distinguish- 
ed more  particularly  by  Rouelle,  and  considered  by  him 
even  as  a  distinct  substance  *.  There  may  be  obtained 
from  the  urine,  he  observes,  besides  the  saline  matter,  two 
substances,  one  soapy,  the  other  extractive  ;  the  first  is 
Yery  soluble  in  alkohol,  the  second  is  insoluble.  The 
soapy  substance,  (which  is  evidently  the  uree),  he  describes 
as  of  a  brown  colour,  a  foetid  odour,  an  unctuous  consis- 
tence, crystalllzable  like  a  saline  body,  not  easily  suscep- 
tible of  exsiccation,  attracting  humidity  from  the  air,  and 
giving  by  analysis  more  than  half  its  weight  of  volatile  al- 
kali, a  little  oil,  and  muriate  of  ammonia.  It  is  evident, 
observes  Vauquelin,  that  Rouelle,  by  these  characters,  had 
very  well  distinguished  a  peculiar  principle  existing  in 
urine. 

His  observatlgns,  however,  were  neglected  by  succeed- 
ing chemists  ;  and  the  existence  of  this  principle  may  be 


*  Journal  de  Medecine,  1773, 
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said  to  have  been  re-discovered  by  Crulckshank,  who  ob- 
tained it  by  a  peculiar  method,  and  considered  it  under  a 
point  of  view  different  from  that  exhibited  by  Rouelle  *. 
"  If  to  an  ounce,"  says  he,  *«  of  the  extractive  matter  of 
urine,  there  be  added  an  ounce  of  the  concentrated  ni- 
trous acid,  diluted  with  an  equal  quantity  of  water,  a  vio- 
lent effervescence,  accompanied  with  heat,  and  the  disen- 
gagement of  nitrous  gas,  will  take  place  ;  when  the  action 
has  ceased,  and  the  liquor  become  cold,  a  number  of  shin- 
ing scales,  or  crystals,  resembling  the  acid  of  borax,  will 
be  deposited,  which,  when  well  dried  on  blotting  paper, 
will  be  found  to  weigh  from  5  to  7  drachms,  or  some- 
times more,  tlie  proportion  varying  according  to  the 
quality  of  the  extract,  and  the  method  of  conducting  the 
process. 

"  The  figure  of  these  scales  appears  to  be  that  of  flat 
rhomboids  ;  they  have  a  smooth  greasy  feel  when  pressed 
between  the  fingers ;  are  soluble  in  much  greater  quan- 
tity in  hot,  than  cold  water,  and  also  in  some  degree  in 
alkohol ;  although  repeatedly  washed  with  this  fluid,  and 
dried  on  blotting  paper,  they  still  retain  acid  properties, 
and  strongly  redden  the  syrup  of  violets ;  they  are  readily 
taken  up  by  the  sulphuric  and  muriatic  acids  without  com- 
motion J  but,  with  the  nitrous  acid,  they  produce  a  kind 
of  effervescence,  and  appear  to  be  in  some  measure  de- 
composed ;  they  combine  with  the  mild  alkalis  w4th  eff^er- 
vescence,  and  form  very  soluble  neutral  salts,  whose  pro- 
perties have  not  been  sufficiently  examined.     Their  so- 


*  Rollo  on  Diabetes,  2d  edit. 
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lution  In  water  does  not  precipitate  lime-water,  nor  the 
muriates  of  lime  or  barytes,  nor  the  nitrates  of  silver  or 
mercury,  in  any  sensible  degree,  nor  has  it  any  effect  upon 
the  sulphate  of  iron  or  acetate  of  lead  ;  they  do  not  there- 
fore contain  phosphoric  or  oxalic  acid;  when  thrown  up- 
on a  red  hot  iron,  they  melt  and  evaporate  in  white  smoke, 
leaving  a  very  small  quantity  of  a  charry  residuum,  by  no 
means  difficult  to  incinerate ;  but  when  exposed  to  an 
intense  heat,  they  burn  with  a  reddish  flame,  and  a  kind 
of  detonation  somewhat  similar  to  the  nitrate  of  ammonia. 

"  From  these  experiments,  it  would  appear,  that  this 
substance  is  an  animal  acid  hitherto  unknown,  and  whose 
basis  exists  in  this  extractive  matter." 

Fourcroy  and  Vauquelin,  in  a  dissertation  on  the  urine 
of  the  horse  *,  prior  to  the  publication  of  Cruickshank's 
experiments,  had  observed,  that  if  to  the  liquor  remain- 
ing after  the  separation,  by  evaporation,  of  the  saline  sub- 
stances, and  of  the  benzoic  acid  by  muriatic  acid,  there 
be  added  nitric  acid,  a  precipitation  ensues  of  slender 
brilliant  crystals,  so  as  to  form,  in  a  short  time,  a  concrete 
white  mass,  which  at  length  became  of  a  brown  colour. 
This,  after  a  slight  examination  of  its  properties,  they  con- 
sidered as  a  principle  before  unknown  to  chemists  :  it- 
continued  to  engage  their  attention  ;  and,  in  a  subsequent 
memoir  t,  they  gave  an  ample  detail  of  the  facts  they  had 
discovered  with  regard  to  it.  They  gave  to  it,  from  the- 
secretion  in  which  it  is  found,  the  na^ne  of  Uree.  > 

The  following  is  the  method  by  which  these  chemists 
obtained  this  subbtance  in  an  insulated  state. 


*  Momoires  de  I'Institut.  National,  torn.  ii.  p.  4i3. 
f  Ibid*  torn.  iv.  p.  402. 
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Urine  is  evaporated,  by  a  very  gentle  heat,  to  the  con- 
sistence of  thick  syrup.  It  thus  acquires  a  dark  brown 
colour,  and  a  foetid  ammoniacal  smell.  On  cooling,  ir 
concretes  into  a  confusedly  crystallized  mass,  consisting 
of  a  mixture  of  its  salts  with  the  urinary  matter.  To  ob- 
taiii  this,  there  was  poured  on  this  mass  four  times  its 
weight  of  alkohol,  in  successive  portions,  heating  them 
gently ;  the  greater  part  is  dissolved,  and  gives  a  dark 
brown  colour  to  the  fluid  ;  there  remains  undissolved  a 
saline  matter  nearly  white.  The  solution  contains  the 
uree :  it  is  distilled  in  a  retort  placed  in  a  sand  bath  j  the 
alkohol  passes  over  foetid  and  impregnated  with  carbon- 
ate of  ammonia,  and  a  portion  of  animal  matter.  The 
distillation  is  continued  until  the  liquor  is  of  the  consist- 
ence of  syrup  ;  the  alkohol  is  thus  dissipated,  and  the 
matter,  in  cooling,  crystallizes  under  the  form  of  quad- 
rangular plates,  crossing  each  other,  of  a  brilliant  yellow- 
ish white  colour.  This  is  the  Uree.  It  exhales  a  strong 
urinous  odour  :  it  has  a  degree  of  tenacity  which  renders 
it  difficult  to  be  cut  or  detached  from  the  vessel  in  which 
it  has  been  evaporated  :  it  attracts  humidity  from  the  air, 
and  forms  a  thick  brown  coloured  liquid  ;  and  it  dissolves 
rapidly  in  a  very  small  quantity  of  water,  producing, 
during  its  solution,  a  sensible  degree  of  cold  :  it  is  less 
soluble  in  alkohol,  but  its  solution  in  this  fluid,  saturated 
by  being  made  with  the  assistance  of  heat,  gives,  on  cool- 
ing, crystals  more  readily  than  the  watery  solution  *.  Its 


*  Thenard  affirms,  that  pure  uree  does  not  crystallize  ;  it 
is  only  when  combined  with  certain  salts,  which  it  generally  is, 
that  it  forms  crystal:^,  (Nicholson's  Journal,  vol.  xix.  p.  71.) 
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solution  in  \X  ater,  when  concentrated,  is  of  a  brown  co- 
lour;  whicli,  by  dilution,  passes  through  the  differerxt 
shades  of  orange,  yellow,  and  lemon  colour,  so  as  to  re- 
semble urine  in  the  various  states  in  which  it  occurs.  And 
they  regard  it,  with  justice,  as  the  principle  in  which  the 
most  characteristic  properties  of  this  animal  fluid  reside. 

Fourcroy  and  Vauquelin  have  given,  in  their  memoir, 
a  very  detailed  account  of  the  chemical  properties  and 
Telations  of  uree,  from  which  I  give  an  abridged  statement 
of  the  principal  facts. 

Exposed  to  heat  in  a  retort  connected  with  an  appara- 
tus adapted  to  collect  the  products,  it  melts  quickly,  and 
a  vapour  is  disengaged)  which  condenses  in  the  neck  of  the 
retort  into  a  crystalline  deposite,  having  all  the  appearances 
of  benzoic  acid,  which  has  probably  been  contained  in 
the  uree,  and  derived  from  the  urine.  When  this  has  ceased, 
carbonate  of  ammonia  sublimes  ;  and  the  sublimation  of 
it  continues,  without  interruption,  to  the  end  of  the  expe- 
riment;  no  oil  is  condensed,  nor  even  any  watery  liquor, 
but  merely  the  salt  tinged  brown,  and  of  a  very  foetid  o- 
dour.  As  the  heat  is  raised,  this  odour  becomes  more 
insupportable.  The  matter  appears,  at  length,  at  the 
bottom  of  the  retort,  in  a  dry  state,  black,  and  covered 
with  a  white  crust  this  sublimes,  and  is  muriate  of  am- 
monia. After  exposure  for  two  hours  longer  to  the  fire, 
the  carbonaceous  residuum  gives,  by  lixiviation,  a  liquor 
smelling  of  pruj^sic  acid,  and  which  precipitates,  with  the 
aid  of  an  alkali,  the  solutions  of  iron,  blue  :  it  contains, 
too,  muriate  of  soda,  and  a  little  muriate  of  aimmonia.  In 
burning  it  m  an  open  fire,  it  dis?n;,;ages  an  ammoniacal 
odour,  mixed  with  that  of  prussic  acid.    There  remains, 
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at  length,  a  matter,  amounting  to  about  an  hundredth 
part  of  the  uree,  white,  acrid,  soluble,  which  changes  the 
vegetable  colours  to  a  green,  and  effervesces  with  acids, 
being,  apparently,  carbonate  of  soda. 

In  the  progress  of  this  decomposition,  carburetted  hy- 
drogen gas,  with  perhaps  a  little  carbonic  acid  and  nitro- 
gen gases,  are  disengaged.    In  repeating  the  experiment, 
it  was  found,  that  288  parts  of  uree  gave  200  parts  of  car- 
bonate of  ammonia,  10  parts  6f  carburetted  hydrogen  gas, 
7  parts  of  residual  charcoal,  68  parts  of  muriate  of  am- 
monia, acid  of  benzoin,  and  muriate  of  soda,  with  quan- 
tities too  minute  to  be  estimated  of  oil  and  prussic  acid. 
The  benzoic  acid,  muriate  of  ammonia,  and  muriate  of 
soda,  these  chemists  considered  as  contained  in  the  uree, 
but  probably  foreign  to  its  composition  •,  hence,  from  the 
other  products,  it  follows,  that  this  substance  is  a  com- 
pound of  nitrogen,  hydrogen,  carbon,  and  oxygen  ;  and 
the  large  quantity  of  ammonia  which  the  analysis  aflbrds, 
proves,  that,  among  these  principles,  the  nitrogen  is  pre- 
sent in  largest  proportion.    The -proportions  could  not, 
from  this  experiment,  be  fixed,  perhaps,  with  perfect  ac- 
curacy ;  but,  from  the  quantities  of  ammonia,  carbonic 
acid,  carburetted  hydrogen,  water,  and  charcoal  produced, 
compared  with  the  quantity  of  uree  decomposed,  they  are 
stated  by  Fourcroy  and  Vauquelin  at  SQ.S  oxygen,  32.5 
nitrogen,  1 4*. 7  carbon,  and  13.3  hydrogen  ;  and  admitting 
a  correction  of  these,  on  account  of  the  portion  of  water 
which  might  be  supposed  to  have  pre-existed  in  the  mat- 
ter, there  is  a  reduction  in  the  proportions  of  oxygen  and 
hy^irogen,  and  the  nitrogen  becomes,  not  only  with  regard 
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to  the  characters  it  communicates,  but  in  quantity  also, 
the  predominating  ingredient. 

So  susceptible  is  this  principle  of  decomposition,  and 
so  liable  are  its  principles  to  pass  into  those  combinations 
which  form  ammonia  and  carbonic  acid,  that,  by  merely 
distilling  it  with  water,  it  is  almost  entirely  converted  in- 
to carbonate  of  ammonia.     In  subjecting  to  distillation  a 
Golution  of  two  parts  of  ur^e  in  nine  of  water,  the  water 
passed  over,  charged  with  carbonate  of  ammonia,  trans- 
parent and  pure  i  the  residual  quantity  became  concrete 
on  cooling,  and  was  of  a  browner  colour,  and  less  crys- 
tallized.   On  adding  to  this  the  same  quantity  of  water 
as  before,  and  repeating  the  distillation,  another  solution 
of  carbonate  of  ammonia,  tinged  brown,  was  obtained.  A 
third  distillation  gave  a  similar  product,  but  of  a  deeper 
colour,  as  if  it  were  oily,  and  from  which  a  little  charcoal 
was  deposited.    After  these  three  operations,  the  uree 
had  afforded  more  than  half  its  weight  of  carbonate  of 
ammonia,  and  yet  its  power  of  yielding  this  product  was 
not  exhausted  ;  for  although,  when  diluted  with  a  fresh 
quantity  of  water,  it  gave  indications  of  the  predominance 
of  acetic  acid,  yet  it  lost  this  acidity  in  four  or  five  days 
exposure  to  a  temperc^ture  of  77°,  and  again  gave  an  am- 
moniacal  water  by  evaporation,  deposited  some  crystals  of 
muriate  of  soda,  and  afforded  a  precipitate  of  uree  with 
nitric  acid.     Thus,  this  principle  is  more  susceptible  of 
decomposition  than  almost  any  animal  product. 

When  abandoned  to  itself  in  solution  in  water  at  a  na- 
tural temperature,  other  affinities  are  exerted  among  its 
elements,  and  it  passes  into  the  acetous  fermentation.  The 
liquor,  in  a  vessel  imperfectly  closed,  soon  became  turbid, 
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a  scum  collected  on  its  surface,  bubbles  of  air  continued 
to  be  disengaged,  and  a  lighted  candle  put  into  the  upper 
part  of  the  vessel  was  extinguished.  It  acquired  a  sharp 
acidulous  but  foetid  odour  :  at  the  end  of  three  months, 
this  fermentation  had  ceased  :  it  was  then  subjected  to 
distillation,  twice  the  weight  of  the  original  matter,  of  sul- 
phuric acid,  being  added.  A  product  was  obtained,  con- 
taining acetic  and  benzoic  acid  :  the  residuum  contained 
sulphate  of  ammonia,  and  gave  a  precipitate  of  charcoal. 
Here,  :;herefore,  the  elements  of  the  uree  had  combined 
so  as  to  form  more  acetic  acid  and  less  carbonic  acid  and 
ammonia  than  when  heat  was  applied.  When  a  little  al- 
bumen had  been  added  to  the  solution  of  uree,  the  phe- 
nomena of  fermentation  were  still  more  strikingly  exhibit- 
ed; and  although  acetic  acid  was  formed,  the  product  of  am- 
monia was  greater,  so  that  the  liquor  was  sensibly  alkaline. 

Uree,  subjected  to  the  action  of  acids,  presents  results 
different  from  those  exhibited  by  any  other  animal  prin- 
ciple, and  which  throw  light  on  its  composition. 

Its  solution  in  water,  mixed  with  a  fourth  of  its  weight 
of  sulphuric  acid  diluted,  gave  no  effervescence.  The  mix- 
ture, heated  until  it  boiled  gently,  became  covered  with  a 
layer  of  oily  matter,  black,  and  which  became  concrete 
on  cooling.    The  liquid  which  had  evaporated  and  been 
condensed  during  this  action  was  of  a  yellow  colour  :  par- 
ticles of  charcoal  were  diffused  through  it:  its  odour  was 
similar  to  that  of  empyreumatic  acetic  acid,  its  taste  hot 
and  acrid.    It  reddened  litmus,  without  precipitating  the 
barytic  salts,  and  therefore,  though  acid,  contained  no  sul- 
phuric acid.    Saturated  with  lime,  it  afforded  acet  ite  and 
benzoate  of  lime    the  benzoic  acid,  according  to  the  supr 
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position  of  Fouicroy  and  Vauquelin,  having  been  derived 
from  the  urine.  The  residual  liquor  contained  much  sul- 
phate of  ammonia.  Hence,  in  the  decomposition  of  the 
uree  by  the  sulphuric  acid,  its  elements  had  been  com- 
bined so  as  to  form  principally  an  oil,  acetic  acid,  and  am- 
monia, a  little  charcoal  being  precipitated. 

The  manner  in  v/hich  nitric  acid  acts  on  uree  is  peculiar, 
and  altogether  different  from  vi^hat  vv^ould  be  expected 
from  the  known  agency  of  this  acid.    Uree  is  extremely 
susceptible  of  decomposition  ;  and  nitric  acid  is,  of  any 
agent,  that  which  acts  with  most  energy  in  decomposing 
vegetable  or  animal  substances    yet  the  uree  is  not  de- 
composed by  it,  but  rather  enters  into  combination  with  it. 
The  observation  by  Cruickshank,  that  a  precipitate  of  shi- 
ning scales  or  crystals  is  produced  when  nitric  acid  is  add- 
ed to  urine  concentrated  by  evaporation,  has  been  already 
stated  ',  and  Fourcroy  and  Vauquelin  have  found,  that  the 
came  appearance  is  produced  more  distinctly  with  pure 
uree.    When  nitric  acid  is  added  to  a  strong  solution  of 
it  in  water,  there  is  an  instant  deposition  of  crystalline 
plates,  white,  brilliant,  and  pearly,  which  augments  so  ra.- 
pidly,  that  the  whole  mixture  nearly  appears  to  be  con- 
verted into  this  matter.    These  cliemists  sought  to  deter- 
mine its  nature.  When  heated  gently,  it  softens  and  melts 
like  oil,  a  brisk  effervescence  takes  place,  and  it  is  in  part 
converted  into  nitrate  of  ammonia.    Hence  they  regard  it 
as  a  compound  of  uree  and  nitric  acid. 

When  the  nitric  acid  is  concentrated,  and  particularly 
when  it  is  surcharged  with  nitric  oxide,  and  when  the 
ur^e  is  in  a  concrete  state,  the  mutual  action  is  attended 
with  a  brisk  effervescence,  and  an  evolution  of  heat  j  ni- 
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trie  oxide,  nitrogen,  and  carbonic  acid  gases  are  disenga- 
ged, and  there  remains  a  white  or  yellowish  concrete  mat- 
ter, with  a  few  drops  of  a  red  liquid  :  if  this  residuum  is 
heated,  it  detonates  and  inflames  in  the  same  manner  as 
nitrate  of  ammonia.    In  this  rapid  action,  then,  the  uree 
is  decomposed.    If  the  acid  be  diluted,  and  heat  applied, 
it  likewise  suffers  decomposition,  but  more  slowly,  so  that 
the  progress  of  the  operation,  and  the  products  arising 
from  it,  can  be  more  accurately  observed.  Fourcroyand 
Vauquelin  found,  that  nitrogen  and  carbonic  acid  gases 
were  first  disengaged  in  large  quantity,  then  nitric  oxide, 
mixed  with  carbonic  acid  :  an  elastic  fluid  similar  to  at- 
mospheric air,  having  a  sharp  odour  of  prussic  acid,  like- 
wise appeared,  when  the  disengagement  of  nitrogen  had 
ceased,  and  that  of  nitric  oxide  commenced :  at  the  end 
of  the  second  day,  a  gentle  heat  having  been  always  ap- 
plied, the  matter  having  become  thick,  and  furnishing 
scarcely  any  considerable  vapour,  took  fire,  with  a  violent 
explosion  :  there  remained  in  the  bottom  of  the  vessel  an 
oily  carbonaceous  matter,  which  gave  to  water  with  which 
it  was  lixiviated  an  odour  of  prussic  acid  and  ammonia, 
as  well  as  the  property  of  precipitating  the  solutions  of 
iroli  blue.  A  quantity  of  charcoal  remained  after  the  lixi- 
viation  •,  and  there  was  condensed  in  the  receiver  a  yellow 
liquor,  very  acid,  on  which  floated  a  few  oily  particles 
having  a  penetrating  odour.  A  considerable  loss  attended 
the  operation  ;  and  hence  the  proportions  of  the  products 
could  not  be  determined  so  as  to  give  any  certain  results  ; 
but,  as  Fourcroy  and  Vauquelin  have  observed,  there  is 
in.  this  decomposition  scarcely  any  sensible  production  of 
that  fat  matter,  of  the  yellow  bitter  principle,  or  of  the 
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oxalic  or  saccho-lactic  acid,  which  are  so  generally  the 
products  of  the  action  of  nitric  acid  on  animal  matter  ; 
the  whole  consists  in  the  disengagement  of  nitrogen,  and 
the  formation  of  carbonic  acid,  prus?ic  acid,  and  ammo- 
nia,— a  result  which  shows  the  predominance  of  nitrogen 
in  the  composition  of  urej; ;  that,  next  to  it,  carbon  is 
contained  in  largest  quantity,  and  that  the  proportion  of 
hydrogen  is  comparatively  small. 

Muriatic  acid  produces  on  this  principle  scarcely  any 
effect,  precipitating  it  only  from  its  solution  in  alkohol  in 
brown  flocculi.  Oxymuriatic  acid,  however,  produces  in 
it  a  decomposition  somewhat  peculiar.  When  the  oxy- 
muriatic acid  gas  is  transmitted  through  its  solution,  it  is 
•absorbed,  the  liquor  becomes  brown,  flocculi  of  the  same 
colour  appear,  which  soon  become  yellow,  and  adhere  to 
the  sides  of  the  vessel  like  a  concrete  oil.  These  become 
paler  in  their  colour,  small  bubbles  of  air  continued  to  be 
disengaged  from  them,  even  long  after  the  transmission  of 
the  oxymuriatic  acid  gas  had  ceased :  this  air  consisted 
of  about  one-third  of  it  carbonic  acid,  and  two-thirds  ni- 
trogen. The  liquor,  at  the  end  of  the  experiment^  con- 
tains a  large  quantity  of  muriatic  acid,  with  a  portion  of 
undecomposed  uree.  It  appears,  therefore,  as  Fourcroy 
and  Vauqueiin  have  given  the  rationale  of  this  operation, 
that  the  oxymuriatic  acid  had  first  decomposed  part  of  the 
uree,  by  yielding  to  it  oxygen ;  that  it  had  likewise  con- 
tinued to  re-act  on  the  flocculi  produced  from  this  decom- 
position, and  to  disengage  from  them  nitrogen,  its  oxy- 
gen at  the  same  time  combining  with  carbon;  while  the 
muriatic  acid,  into  which  the  oxymuriatic  acid  had  passed, 
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Hxed  and  retained  in  the  liquor  the  greater  part  of  the 
uree,  protecting  it  from  decomposition. 

Uree  is  perfectly  soluble  in  alkaline  solutions,  and,  at 
the  same  time,  is  partially  decomposed.    When  triturat- 
ed with  a  solution  of  potassa,  a  strong  ammoniacal  odour 
is  immediately  exhaled ;  and  as  the  same  effect  is  produ- 
ced by  carbonate  of  soda  or  of  potassa,  by  lime,  barytes, 
and  even  by  magnesia,  it  probably  arises  from  the  decom- 
position of  muriate  of  ammonia,  mixed  with  the  uree. 
But  besides  this,  when  this  principle,  in  its  solid  state,  is 
triturated  with  potassa,  dry  and  in  powder,  an  energetic 
action  is  manifested  *,  the  temperature  rises ;  there  is  dis- 
engaged so  large  a  quantity  of  ammonia,  that  it  must  be 
considered  as  formed  by  the  combination  of  its  elements: 
the  colour  deepens,  and  an  oily-like  matter  appears  on  the 
surface.    When  heat  is  applied,  even  though  the  mixture 
has  been  previously  diluted  with  'I  or  6  parts  of  water,  the 
decomposition  is  rapid,  and  proceeds  to  a  greater  extent  j 
pure  ammonia,  with  a  portion  of  carbonate  of  ammonia, 
are  disengaged  and  absorbed  by  the  water  in  the  receiver: 
the  residual  matter,  diluted  with  water,  gave  a  violent  ef- 
fervescence on  the  addition  of  weak  sulphuric  acid ;  in- 
dicating, that  part  of  the  potassa  was  in  the  state  of  car- 
bonate :  a  voluminous  flocculent  precipitate  was  deposi- 
ted, having  the  properties  of  a  concrete  oil :  and  the  liquor 
being  submitted  to  distillation,  afforded  acetic  and  ben- 
zoic acids.    The  potassa,  therefore,  assisted  by  the  heat, 
had  decomposed  the  uree  in  a  manner  analogous  to  the 
sulphuric  acid,  or  to  that  which  this  principle  suffers  spon- 
taneously at  a  high  temperature,  the  products  being  near- 
Jv  the  same, — ammonia,  carbonic  and  acetic  acids;  and 
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different  from  those  which  this  alkali  usually  produces 
when  it  causes  the  decomposition  of  animal  matter,  parti- 
cularly in  the  small  proportion  of  oily  matter  that  had  been 
formed  ;  a  difference  supposed  to  be  owing  to  the  large 
proportion  of  nitrogen,  and  smaller  quantity  of  hydrogen, 
hi  the.  composition  of  uvea. 

Uree  has  a  singular  efiVct  on  some  of  the  neutral  salts, 
— that  of  changing  the  form  of  their  crystals.  It  had  been 
long  known,  that  if  urine  were  saturated  with  muriate  of 
soda,  this  salt  was  obtained  from  it  by  spontaneous  eva- 
poration, not  crystallized  in  its  usual  form  of  cubes,  but 
in  octaedrons  :  and  Fourcroy  and  Vauquelin  found,  that 
by  the  same  method  muriate  of  ammonia  crystallized,  not 
in  prisms,  but  in  cubes.  They  further  found,  that  this 
singular  effect  depends  on  the  action  of  the  uree  ;  since 
it  equally  happens  when  the  salts  are  dissolved  with  pure 
crystallized  uree  in  water,  and  their  solutions  crystallized 
by  spontaneous  evaporation.  The  crystals  always  retain 
too,  a  brown  colour,  and  when  freed  from  the  uree  which 
thus  appears  to  be  combined  in  them,  by  sufEcient  expo- 
sure to  a  red  heat,  they  again  crystallize  from  a  solution 
m  water,  in  their  usual  form. 

The  solution  of  uree  in  water,  decomposes  some  of  the 
metallic  salts.  Those  of  the  nitrates  of  silver  and  quick-» 
silver,  it  precipitates  white  :  that  of  nitrate  of  lead,  it 
throws  down  of  a  yellowish  brown,  which  may  be  redis- 
solved,  after  some  time,  in  a  large  quantity  of  water,  and 
then  appears,  on  evaporation,  in  brilliant  silvery  crystals. 

Tannin  changes  a  little  the  colour  of  a  solution  of  uree, 
but  does  not  precipitate  it ;  a  character  by  which  this  prin- 
ciple is  well  distinguished  from  the  albuminous  or  gelati- 
nous matter  so  frequently  secreted  with  it. 


This  principle  being  so  uniformly  sccrct  jd  in  consider- 
able quantity,  and  di.schargcd  from  the  system,  must  be 
subservient  to  some  important  purpose  in  the  aninuil  eco- 
nomy. Fourcroy  and  Vauquclin,  in  conducting  their  in- 
vestigation of  it,  advanced  the  theory,  that  it  is  designed 
to  convey  the  redundant  nitrogen  from  the  system,  as  the 
secretion  of  the  bile  discharges  the  superfluous  hydrogen, 
and  the  changes  in  the  lungs,  by  respiration,  perform  the 
same  office  with  regard  to  carbon.  There  is  a  degree  of 
obscurity  attending  this  theory,  since  the  difficulty  hither- 
to has  been  rather  to  account  for  the  origin  of  the  nitro- 
gen in  the  system  of  animals,  than  to  provide  for  its  dis- 
charge. Yet  it  is  no  doubt  true,  that  this  principle  being 
contained  in  so  large  a  proportion  in  urce,  is  proved  to  be 
uniformly  discharged  in  considerable  quantity  ;  and  this 
perhaps  adds  some  force  to  the  hypothesis,  that  nitrogen, 
by  the  series  of  chemical  actions  connected  with  animali- 
zation,  is  actually  formed  or  evolved,  and  that  in  a  system 
therefore  liable  to  variations  in  its  functions,  we  may  look 
for  a  function  by  which  its  accumulation  will  be  prevent- 
ed. Under  this  point  of  view,  the  theory  maybe  regard- 
ed as  probably  just. 

The  tendency  of  this  principle  to  pass  to  the  state  of 
ammonia,  is  probably  frequently  the  cause  of  morbid 
changes  to  which  the  urine  is  liable  ;  it  may  even  be  the 
cause,  sometimes,  of  the  formation  of  urinary  concretions  ; 
for  if  the  excess  of  acid  in  the  urine  be  saturated  by  the 
production  of  this  alkali,  the  albuminous  or  gelatinous 
matter  which  the  acid  held  in  solution  will  be  separated  ; 
and  if  a  partial  deposition  of  phosphate  of  lime  or  mag- 
nesia, or  of  uric  acid,  take  place  at  the  same  time,  as  may 
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happen  from  the  same  cause,  the  nucleus  of  a  calculus 
may  be  formed.  The  cementing  ingredient  in  many  of 
these  calculi,  in  the  greater  number  indeed,  appears  to  be 
this  albuminous  matter,  which  is  separated  from  urine 
whenever  its  acidity  is  neutralized  ;  and  it  cannot  but  be 
considered  as  probable,  but  that  the  formation  of  such  cal- 
culi may  depend  on  some  operation  of  this  kind. 

The  predominance  of  nitrogen  in  the  composition  of 
uree,  it  is  remarked  by  Fourcroy  and  Vauquelin,  explains 
very  well  the  great  advantage  derived  from  the  intermix- 
ture of  urine  in  the  materials  of  nitre  beds,  in  the  produc- 
tion of  nitre  ;  the  presence  of  the  vegetable  matter  so  far 
altering  the  afTniities,  as  to  prevent  or  diminish  the  forma- 
tion of  ammonia,  and  cause  part  at  least  of  its  nitrogen 
to  enter  into  combination  with  oxygen.  And  the  large 
product  of  ammonia,  from  the  distillation  of  urine,  a  pro- 
cess carried  on,  even  in  the  large  way,  in  the  manufacture 
of  muriate  of  ammonia,  depends  more,  as  they  have  re- 
marked, on  the  decomposition  of  the  uree,  than  on  that  of 
the  ammoniacal  salts  which  that  fluid  contains. 

There  still  remains  to  be  given,  the  chemical  history  of 
another  substance  always  contained  in  urine,  and  nearly 
peculiar  to  it,  the  Uric  Acid. 

The  discovery  of  this  acid  we  owe  to  Scheele.  In  ana- 
lysing urinary  calculi,  he  found,  that  all  those  which  he 
submitted  to  experiment,  consisted  principally  of  a  sub- 
stance sparingly  soluble  in  water,  but  which,  by  boiling  a 
large  quantity  of  water  upon  it,  might  be  dissolved,  and 
afl'orded  a  solution  which  reddened  the  more  delicate  ve- 
getable colours,  and  from  which,  on  cooling,  the  greater 
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part  separated  in  minute  crystals.  This  he  regarded  as  a 
peculiar  acid  :  and  he  a-ldod  the  observation,  that  it  is  con- 
tained in  all  urine,  and  frequently  in  considerable  quantity, 
so  as  to  be  deposited  as  the  urine  cools  *.  Bergman  had 
likewise,  in  analysing  urinary  calculi  about  the  same  time 
with  Scheele,  observed  this  acid.  It  was  made  the  sub- 
ject of  experiment  by  Dr  Pearson  f  :  several  of  its  proper- 
ties were  pointed  out  by  Fourcroy  and  Vauquelin  :  and 
Dr  Henry  has  added  much  to  our  knowledge  of  these,  and 
cf  its  various  combination,  and  in  a  dissertation  has  given 
an  excellent  view  of  its  chemical  history  |,  from  which  I 
take  principally  the  following  facts. 

From  being  considered  as  the  basis  of  urinary  calculus 
or  stone  of  the  bladder,  it  received  the  name  of  Lithic  ' 
Acid ;  a  name  certainly  improper,  not  only  from  the  sole- 
cism which,  as  Dr  Pearson  observed,  it  involves,  but  as 
this  substance  is  not  confined  to  these  concretions,  but  is 
also  contained  in  urine,  while  there  are  urinary  concre- 
tions, in  which  no  sensible  quantity  of  it  can  be  detected. 
Hence  the  appellation  Uric,  which  he  suggested,  is  pre- 
ferable. 

There  is  a  difficulty  in  procuring  this  acid  pure :  for  as 
deposited  from  the  urine,  or  as  contained  in  urinary  con- 
cretions, it  is  always  in  a  state  either  of  combination  or 
tnixture  j  and  it  is  generally  in  these  states  that  it  has 
been  hitherto  examined.  The  process  given  by  Dr  Hen- 
ry is,  to  dissclve  a  calculus,  of  that  kind  which  consists 

*  Chemicr.l  Essays,  p.  199. 
■  f  Philosophical  Transactions,  1798,  p.  37. 
:J:  Dissertalio  Inauguralis,  Edin.  1807. 
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chiefly  of  this  acid,  in  a  solution  of  pure  potassa.  Muri- 
ate or  acetic  acid  is  added  to  this  solution  of  it,  while  any 
precipitate  of  a  white  colour  is  thrown  down  ;  this  preci- 
pitate is  to  be  washed  repeatedly  with  tepid  distilled  wa- 
ter, and  in  order  more  completely  to  remove  any  foreign 
acid,  a  fow  drops  of  water  of  ammonia  are  added  to  the 
water  with  which  it  is  first  washed  j  and  if  any  minute 
portion  of  albuminous  matter  has  been  precipitated  with 
it,  which  sometimes  happens,  it  is  separated  by  pouring 
off  the  water  in  which  the  flocculi  of  this  are  suspended, 
while  the  heavier  uric  acid  is  allowed  to  subside  *. 

Uric  acid  obtained  by  this  process,  is  in  the  form  of  a 
white  powder,  rough  to  the  touch,  but  which  yields  easily 
to  the  pressure  of  the  finger.  It  is  altogether  tasteless. 
It  dissolves  in  1 150  times  its  weight  of  water  at  21*^,  or 
in  1720  times  at  60°  f  j  a  degree  of  solubility  much  less 
than  what  Scheele  had  stated,  owing  to  his  experiment 
having  been  made  on  it  as  forming  part  of  a  calculus ;  in 
which  state,  as.Dr  Pearson  has  remarked,  it  is  more  solu- 
ble, no  doubt  from  its  impurity.  The  solution  in  hot  wa- 
ter on  cooling,  deposites  pellucid  crystaV,,  so  small,  that 
the  form  cannot  be  described.  The  infusion  of  litmus  is 
reddened  by  this  solution.  Soap  is  decomposed  by  it,  not 
indeed  by  adding  a  solution  of  the  acid  to  a  solution  of 
soap  in  water,  for  from  this  addition  no  turbid  appearance 
is  produced  ;  but  by  digesting  the  acid,  in  powder,  with 
soap,  and  as  much  water  as  is  required  to  dissolve  it,  the 
oil  is  separated,  and  a  milky-like  liquor  produced  t.  It 

*  Henry,  Dissertatio  Inauguralis,  p.  12. 
t  Ibid.  p.  U. 
t  Ibid.  p.  16. 
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decomposes  the  alkaline  sulphurets,  precipitating  the  sul- 
phur :  and  it  combines  with  the  alkalis,  earths,  and  metal- 
lic oxides,  the  alkaline  properties  being  neutralized  in  the 
combination.  These  properties,  as  Dr  Henry  has  justly 
remarked,  are  sufficient  to  class  it  among  the  acids.  Dr 
Pearson  inferred  from  his  experiments,  that  it  did  not  red- 
den the  vegetable  colours,  nor  decompose  soap :  and  ob- 
serving farther,  that  it  is  tasteless,  scarcely  soluble  in  cold 
water,  not  capable  of  uniting  with  the  alkali  of  carbonate 
of  soda,  potassa,  or  ammonia,  nor  with  the  lime  of  lime- 
water,  nor  with  oxide  of  mercury ;  and  that  its  combina- 
tion with  caustic  soda,  resembles  soap  more  than  any  com- 
pound salt  known  to  consist  of  an  acid  and  alkali,  inferred, 
that  it  ought  rather  to  be  regarded  as  an  oxide  than  an  a- 
cid  *.  Some  of  these  properties,  however,  are  not  strict- 
ly characteristic  of  acidity  and  with  regard  to  others,  as 
that  of  not  reddening  the  vegetable  colours,  or  decompos- 
ing soap,  the  observation  appears  to  have  been  inaccurate. 
The  acitl  powers,  however,  of  this  substance,  are  undoubt- 
edly weak.  It  has  been  long  known,  that  it  is  incapable 
of  disengaging  carbonic  acid  from  the  alkaline  carbonates, 
nor  is  it  dissolved  by  them  :  it  acts  with  no  energy  on  the 
metals,  not  does  it  precipitate  any  of  the  earthy  or  metal- 
lic salts. 

The  combinations  of  uric  acid  with  the  alkalis  and  al- 
kaline earths  are  easily  formed,  by  digesting  in  hot  wa- 
ter the  base  with  a  quantity  of  the  acid,  more  than  suffi- 
cient for  its  saturation,  straining  the  solution,  and  evapo- 
rating it  as  far  as  may  be  necessary  with  a  gentle  heat. 

*  Philosophical  Transactions,  1798,  p.  27. 
Vol.  IV.  Rr 
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Dr  Henry  has  examined  the  general  properties  of  these 
urates,  as  thus  obtained,  in  a  state  of  purity,  and  gives 
the  following  enumeration  of  them.  They  are  tasteless, 
and,  iti  external  appearance,  can  scarcely  be  distinguished 
from  the  acid  itself.  Exposed  to  the  air,  they  undergo  no 
change,  neither  losing  nor  attracting  water.  They  are 
sparingly  soluble  in  water.  Urate  of  ammonia,  contrary 
to  what  has  been  affirmed,  is  the  most  soluble,  and,  of  it, 
an  ounce  of  distilled  water  at  60  dissolves  only  2  or  3 
grains.  The  others,  with  regard  to  solubility,  stand  in 
the  following  order  :  urate  of  potassa,  of  soda,  of  lime,  of 
strontites,  of  magnesia,  of  argil,  and  of  barytes.  If  to  the 
solution  of  any  urate,  any  acid,  the  carbonic  and  prussie 
excepted,  be  added,  the  uric  acid  is  precipitated  in  the 
state  of  a  white  powder.  The  alkaline  urates  are  also 
precipitated  when  the  solution  of  any  of  them  is  mixed 
with  the  solution  of  any  of  the  earthy  muriates,  nitrates, 
or  acetates.  The  solutions  of  the  urates  cause  precipita- 
tions in  the  solutions  of  the  metallic  salts,  those  of  gold 
excepted,  the  precipitate  consisting  of  the  metallic  oxide 
in  combination  with  the  uric  acid.  The  urate  of  iron 
prepared  in  this  way,  is  of  a  reddish  colour  •,  that  of  cop- 
per a  yellowish  green  ;  all  the  others  are  pale. 

Though  the  neutral  urates  are  of  sparing  solubility, 
they  are  more  soluble  with  an  excess  of  base;  hence,  when 
boiled  in  solutions  of  these  bases,  or  in  water  with  the  ad- 
dition of  them,  they  are  dissolved  in  considerable  quantity. 
An  ounce  of  solution  of  potassa,  the  specific  gravity  of 
which  is  1108,  dissolves  more  than  60  grains  of  the  acid. 
The  solutions  of  these  sub- urates  are  precipitated  by 
the  acids  i  if  a  weak  acid  is  employed  in  the  experiment^ 


OF  URIC  ACID.  6''27 

as  the  prussic  or  carbonic,  or  if  a  small  quantity  only  be 
added  when  a  stronger  acid  is  used,  the  precipitate  con- 
sists of  the  neutral  urate  ;  and  the  pure  uric  acid  is  not 
thrown  down  unless  by  a  strong  acid  suddenly  added. 

Uric  acid  is  decomposed  by  the  action  of  the  more 
powerful  mineral  acids.    Nitric  acid  presents  with  it  a 
singular  result,  which  serves  to  form  the  character  by 
which  this  acid  can  be  most  easily  distinguished.  Scheelc 
observed,  that  calculi  composed  of  it,  dissolved  in  this  a- 
cid,  formed  a  liquor  which  stained  the  skin  of  a  deep  red 
colour  J  and  this  solution,  if  neutral,  assumed  by  evapora- 
tion a  blood  red  colour,  which,  however,  disappeared  on 
adding  a  single  drop  of  nitrous  acid.    The  same  fact  was 
observed  by  Bergman  in  his  experiments  ;  he  found  the 
deep  colour  assumed  whenever  the  liquor  was  evaporated 
so  far  as  to  contain  little  nitric  acid  ;  and  when  the  evapo- 
ration is  carried  to  dryness,  the  colour  is  a  very  dark  red  ; 
it  is  communicated  from  this  dry  mass  to  water,  but  is 
destroyed  by  tlie  acids,  and  by  the  alkalis  *.  Fourcroy 
has  affirmed,  that  this  property  does  not  belong  to  the 
pure  acid,  but  depends  on  the  presence  of  animal  matter, 
probably  a'little  uree ;  but  Dr  Henry  found,  that  it  is  ex- 
liibited  by  the  acid  in  its  purest  form.    By  repeatedly 
distilling  nitric  acid  from  the  uric  acid,  the  latter  is  entire- 
ly decomposed  ;  nitric  oxide  gas  is  disengaged,  and  a  por- 
tion of  oxalic  acid,  according  to  Fourcroy,  is  formed.  Dr 
Pearson,  who  has  f.xamlned  this  operation,  found,  that 
carbonic  acid  gas,  with  nitrogen  gas,  were  "disengag- 
ed during  the  ebullition,  a  strong  smell  of  prussic  acid 


*  Scheele's  Chemical  Essays,  p.  200,  2H. 
R  r  2 


()28  or  URIC  ACID. 

arose,  and  the  residual  fluid  deposited  crystals,  which  he 
found  to  be  nitrate  of  ammonia  ;  the  nitric  acid,  therefore, 
had,  by  parting  with  oxygen  to  the  carbon  of  the  uric  a- 
cid,  formed  carbonic  acid  j  and  the  hydrogen  and  nitrogen 
of  the  acid  had  formed  ammonia,  with  which  the  redun- 
dant nitric  acid  had  united  *. 

Sulphuric  acid  heated  strongly  on  uric  acid  decomposes 
it :  sulphurous  acid  is  evolved,  and  there  is  a  charred  re- 
siduum. Muriatic  acid  has  little  effect  upon  it ;  but  oxy- 
muriatic  acid  gas  acts  on  it  with  energy,  and  causes  its 
decomposition.  When  the  uric  acid  is  put  into  a  bottle 
with  water,  and  a  stream  of  oxymuriatic  acid  gas  is  trans- 
mitted through  the  water,  after  some  hours,  a  perfect  so- 
lution is  obtained.  On  adding  to  a  portion  of  this  a  lit- 
tle lime,  ammonia  is  disengaged,  and,  by  evaporation  of  the 
other  portion,  muriate  of  ammonia  is  obtained.  In  this, 
therefore,  as  in  the  decomposition  by  the  nitric  acid,  the 
carbon  of  the  uric  acid  had  been  abstracted  by  the  oxygen 
of  the  decomposing  acid,  and  its  hydrogen  and  nitrogen 
had  combined  and  formed  ammonia.  The  decomposition, 
however,  as  described  by  Fourcroy,  gives  results  more 
complicated ;  not  only  ammonia  and  carbonic  acid,  but 
likewise  malic  and  oxalic  acids,  being  formed. 

Uric  acid  is  decomposed  by  heat :  the  products  of  the 
decomposition,  as  afforded  by  the  acid  existing  in  those 
uriutiry  calculi  which  are  principally  composed  of  it,  have 
bjeen  often  examined  by  chemists,  particularly  by  Scheele, 
Higgins,  Austin,  Pearson,  and  Fourcroy.  They  are  wa- 
ter, carbonate  of  ammonia,  caTbonic  acid  and  c<;rbitretted 


*  Philosophical  Transactions,,  1798,  p,  30, 
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hydrogen  gases,  prussic  acid,  and  a  matter  which  sublimes 
and  condenses  in  a  concrete  form.  The  proportion  of 
water  is  small ;  very  little  oil  is  formed  i  the  proportion  of 
prussic  acid  appears,  from  Austin's  experiments,  to  be  very 
considerable  *  ;  and  there  remains  a  considerable  quantity 
of  charcoal,  which,  when  burnt,  affords  little  saline  mat- 
ter. From  these  products,  as  well  as  from  those  afford- 
ed by  its  decomposition  by  the  acids,  uric  acid  may  be  in- 
ferred to  be  a  compound  of  carbon,  hydrogen,  nitrogen, 
and  oxygen. 

The  sublimed  matter  obtained  in  this  decomposition 
Iws  always  attracted  the  attention  of  chemists,  since  it  was 
observed  by  Schjele.  He  found,  that  though  at  first 
brownish,  it  became  white  by  a  new  sublimation  :  it  had 
no  smell,  but  a  sourish  taste,  and  was  easily  soluble  in 
boiling  water  j  it  is  also  soluble,  though  more  sparingly, 
in  alkohol :  its  solution  does  not  precipitate  lime-water. 
From  these  properties,  he  observed,  it  seemed  to  agree  in 
some  respects  with  succinic  acid,  while,  at  the  same  time, 
he  appears  to  have  supposed,  that  it  entered  into  the  com- 
position of  the  calculus  •,  urinary  calculus,  he  says,  "  be- 
ing neither  calcareous  nor  gypseous,  but  consisting  of  an 
oily,  dry,  volatile  acid,  united  with  some  gelatinous  mat- 
ter f."  Hence,  some  chemists  regarded  this  sublimate  as 
the  pure  lithic  acid.  It  is  obviously  different  from  the 
uric  acid  which  exists  in  calculi,  and  which  is  obtained 
from  them  by  solution  in  an  alkali  and  precipitation  by  an 
acid  J  particularly  in  its  sour  taste,  its  greater  solubility 

*  Treatise  on  Stone  in  the  Bladder,  p.  lOi. 
f  Chemical  Essays,  p.  201-. 
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in  water,  and  its  being  capable  of  being  volatilized  by  d 
moderate  heat  without  decomposition.  Neither  is  it  acted 
on  in  the  same  manner  by  acids,  and,  in  particular,  it  does 
not  give  a  red  colour  with  nitric  acid. 

Experiments  were  made  on  this  substance  by  Dr  Aus- 
tin. He  found,  that  it  was  decomposed  by  heat,  affording 
ammonia,  prussic  acid,  and  nitrogen  gas  :  a  portion  also 
sublimed,  which,  when  again  submitted  to  the  same  ex- 
pcrinienr,  gave  the  same  products,  and  this  apparently 
without  limitation,  until  its  decomposition  was  complete. 
Acted  on  by  nitric  acid,  carbonic  acid  and  nitrogen  gases 
were  disengaged ;  and  the  residual  matter,  urged  with  a 
strong,  fire,  still  gave  ammonia  and  prusoic  acid  *. 

Some  years  afterwards,  it  was  examined  by  Dr  Pear- 
son. He.  found  that  it  reddened  litmus,  though  its  taste, 
instead  of  being  sour,  was  only  sharp  and  bitter  :  ten 
grains  of  it  being  dissolved  in  four  ounces  of  boiling  wa- 
ter, this  solution,  by  evaporation  to  half  an  ounce,  gave  a 
copious  deposite  of  white  spicula  :  it  was  not  soluble  by 
boiling  either  in  muriatic  or  nitric  acid,  and  with  the  lat- 
ter, it  left  red-coloured  matter,  on  the  acid  being  evapor- 
z\ed  from  it.  Sulphuric  acid  dissolved  it,  with  the  assist- 
ance of  heat,  and  afforded  a  solution  from  which  nothing 
was  precipitated  by  pure  soda.  Obtained  from  another 
urinary  concretion,  it  dissolved  in  muriatic  acid,  and  re- 
mained, after  evaporation  of  the  acid,  in  the  same  state  as 
before.  It  was  also  dissolved,  by  boiling,  by  a  solution 
of  carbonate  of  soda,  as  well  as  by  pure  soda.  Under  the 
flame  of  the  blowpipe,  this  sublimed  matter  melted,  and 

*  Treatise  on  the  Stone  in  the  Bladder,  p.  115. 
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then  evaporated  without  any  smell,  leaving  a  sli,^rht  black 
mark  *.  From  the  properties  of  this  substance,  Dr  Pear- 
son observes,  that  it  appears  to  be  analogous  to  benzoic 
acid  ;  but  the  analogy  is  evidently  very  imperfect. 

Lastly,  some  observations  have  been  made  with  regard 
to  it  by  Dr  Henry,  which  throw  some  light  on  its  nature. 
He  found  it  to  be  of  a  yellow  colour :  it  impressed  on  the 
tongue  a  bitter  taste,  with  a  sense  of  coolness,  but  without 
acrimony.  Its  odour  is  empyreumatic  :  it  is  quickly  dis- 
solved by  water  at  any  temperature,  and  also,  though  more 
sparingly,  by  alkohol.  It  unites  easily  with  the  pure  al- 
kalis, an<l  from  these  solutions  is  not  precipitated  by  acids. 
It  is  volatjffe,  and  by  repeated  sublimation  becomes  rather 
whiter.  Its  watery  solution  reddens  infusion  of  litmus  ; 
but  its  acid  power  is  so  weak,  that  a  drop  or  two  of  am- 
monia prevents  this ;  nor  does  it  efFervesce  with  the  al- 
kaline carbonates.  Its  watery  solution,  by  evaporation, 
afFords  crystals,  the  form  of  which  cannot  be  defined,  from 
a  portion  of  oily  matter  adhering  to  them,  from  which 
they  can  scarcely  be  freed.  These  crystals,  exposed  to 
the  air,  sulFer  no  change.  Pure  potassa  being  added  to 
them,  vapours  of  ammonia  exhale.  Heated  with  nitric 
tickl,  they  give  no  red-coloured  matter.  Their  solution 
does  not  cause  any  precipitation  from  the  earthy  salts,  as 
the  solutions  of  the  urates  do  ;  neither  does  it  decompose 
the  salts  of  copper,  iron,  g^'Id,  platina,  or  tin  :  from  the 
nitrates  of  silver  and  of  quicksilver,  and  from  the  acetate 
©f  lead,  it  throws  down  white  precipitates,  which  are  agai:* 


♦  Philosophical  Transactions,  1798,  p.  Hi. 
R  r  4 
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dissolved  by  nitric  acid.  These  experiments  prove,  as  Dr 
Henry  has  observed,  that  the  acid  existing  in  this  subli- 
mate is  neither  uric,  succinic,  nor  benzoic  acid  ;  and  it 
appears  to  be  diiTerent  from  any  knovv^n  acid  *.  It  is  con- 
tained in  the  subUmcd  matter  combined  with  ammonia  : 
from  the  products  of  its  decomposition,  it  appears  to  be 
composed  of  the  same  elements  as  uric  acid  ;  and  it  is  pro- 
bably formed  from  new  combinations  of  these  elements  in 
the  process  by  which  it  is  obtained. 

From  the  preceding  history  of  urine,  it  appears  that  itb 
composition  is  very  complicated;  it  contains  a  number  of 
ingredients,  and  these  are  often  diversified.  In  the  sum- 
mary of  its  analysis  by  Fourcroy  and  Vauquelin,  eleven 
substances  are  enumerated  as  constantly  present  in  it, 
though  variable  in  their  proportioiis, — muriate  of  soda, 
muriate  of  potassa,  and  muriate  of  ammonia  ;  super-phos- 
phate of  lime,  phosphate  of  magnesia,  phosphate  of  soda, 
and  phosphate  of  ammonia ;  uric  acid  and  benzoic  acid  j 
a  gelatinous  or  albuminous  matter  ;  and  uree.  Other 
principles  that  have  been  announced  as  existing  in  it  are 
problematical,  except  in  so  far  as  they  are  the  results  of 
morbid  secretion,  or  of  the  decomposition  to  which  it  is 
spontaneously  liable.  By  this  decomposition,  various  new 
products  are  formed  ;  acetic  and  carbonic  acids  are  in  par- 
ticular produced,  and  the  proportion  of  ammonia  is  aug- 
mented i  and  by  these  the  existing  combinations  in  the 
urine  are  much  modified  :  Instead  of  free  uric  and  ben- 
zoic acids,  it  contains  urate  and  benzoate  of  ammonia  j 


*  Dissertatio  Inauguralis,  p.  26. 
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the  excess  of  phosphoric  or  of  acetic  acid  is  saturated  j 
and  triple  compounds  of  phosphoric  acid,  ammonia,  and 
magnesia,  and  phosphoric  acid,  ammonia,  and  soda,  are 
established  j  and  acetate  and  carbonate  of  ammonia  are 
formed. 

There  can  be  no  doubt,  too,  but  that  the  composition 
of  this  fluid  is  singularly  diversified  by  morbid  states  of 
the  system.  This,  though  long  a  subject  of  attention  to 
physicians,  has,  however,  been  so  rather  empirically  •,  and 
hence  our  knowledge  with  regard  to  it  is  little  advanced. 
The  researches  a  few  years  ago  of  RoUo  and  Cruickshank 
threw  considerable  light  on  it  j  and  several  facts  have  been 
added  by  other  physiologists.  In  the  disease  named  Dia- 
betes, saccharine  matter  is  secreted  by  the  kidneys,  and 
often  in  very  large  quantity  ;  and  from  the  experiments  of 
Cruickshank,  it  appears,  that  it  is  possessed  of  all  the  pro- 
perties of  vegetable  sugar,  while  the  proportions  both  of 
the  saline  ingredients  and  of  the  uree  are  much  diminish- 
ed. In  dropsy,  albumen  is  often  contained  in  it  in  such  a 
quantity,  that  it  bears  a  resemblance  to  the  serum  of  the 
blood,  and  is  coagulated  by  acid^  and  by  heat.  In  the 
dropsy,  however,  from  diseased  liver,  it  does  not  coagu- 
late, but  deposites  a  considerable  quantity  of  a  pink- 
coloured  sediment,  which  Cruickshank  found,  on  examin- 
ation, to  consist  of  phosphate  of  lime,  some  animal  mat- 
ter, to  which  its  red  colour  was  probably  owing,  and  a 
little  uric  acid.  In  fever,  particularly  at  the  crisis  or  abate- 
ment of  the  disease,  a  lateritious  sediment  is  deposited  in 
general  very  copiously,  and  the  nitrous  acid,  when  added 
before  the  deposition  takes  place,  gives  a  deep  red  tinge. 
In  gout,  the  termination  of  the  paroxysm  is  indicated  by 
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a  deposition  of  a  similar  sediment.  This  sediment,  adds 
Mr  Cruickshank,  from  whom  these  facts  are  takon,  we 
have  generally  found  to  be  composed  of  lithic  acid,  phos- 
phate of  lime,  and  some  peculiar  animal  matter,  but  little 
soluble  in  water  ;  and  of  these,  the  acid  generally  consti- 
tutes by  far  the  smallest  part  *.  lii  those  spasmodic  af- 
fections that  attend  some  nervous  diseases,  the  urine  is 
generally  transparent,  aboundmg  in  saline,  and  having 
scarcely  any  extractive  matter ;  and  similar  appearances 
have  been  observed  to  precede  delirium  in  fever.  This 
state  is  discovered,  by  the  infusion  of  oak  bark  giving- 
scarcely  any  precipitate  with  the  urine,  while  acetate  of 
lead  produces  a  copious  one.  A^  the  commencement  of 
the  paroxysm  of  gout,  the  urine,  according  to  Berthollet, 
h&s  a  less  proportion  of  acid. than  usual,  while,  towards 
its  termination^,  it  is  even  increased.  In  rickets,  accord- 
ing-to  Bonhomme,  the  urine  is  loaded  with  a  large  pro- 
portion of  phosphate  of  lime,  derived,  probably,  by  absorp- 
tio|i  from  the  bones.  In  other  diseases,  the  urine  exhi- 
bits other  appearances  :  sometimes  it  is  viscid,  sometimes 
white  and  milky  ;  sometimes,  again,  of  a  dark  colour,  and 
f'Xtremely  foetid.  These,  and  other  states  in  which  it  oc- 
curs, have  not  hitherto  been  accurately  chemically  exami- 

*  Proust  has  affirrrtedj  that  this  sediment  consists  chiefly  of 
a  ipcculiar  acid,  whiqli,  from  its  colour,  he  has  named  Rosacic 
Acid,  and  wiiich,  he  ajds,  is  diotinguished  from  uric  acid,  by 
Its  greater  solubility  ii^'hot  water,  by  not  crystallizing  so  easi- 
ly, and  by  giving  a  violet  precipitate  with  muriate  of  gold  *. 
"Wj  have  no  farther  inform  !tion  with  regard  to  it,  and  it  there? 
fore  requires  more  investigation. 

*  Annale:  de  Chlmie,  torn,  xxxvi.  p.  25?. 
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ned,  though  undoubtedly,  in  a  medical  point  of  view,  they 
must  afford  important  results. 

It  appears,  too,  that  in  different  Animals  the  urine  va- 
ries considerably.  In  that  of  gramenivorous  animals,  the 
uric  acid  is  wanting,  while  the  benzoic  js  generally  pre- 
sent in  large  proportion.  Rouelle  had  examined  that  of 
the  horse  ;  he  found  it  to  afford  no  phosphorus  :  it  con- 
tained sulphate  and  muriate  of  potassa,  carbonate  and  sul- 
phate of  lime,  with  the  saponaceous  extract,  or  uree,  and 
a  matter  which  rendered  it  viscid  :  and  these  results  have 
been,  in  general,  confirmed  by  the  analysis  of  it,  by  Four- 
croy  and  Vauquelin  9  its  ingredients,  as  determined  by  this 
analysis,  being  carbonates  of  lime  and  soda,  muriates  of 
potassa  and  soda,  benzoate  of  soda,  and  ur^e.  That  of 
the  cow,  according  to  Rouelle's  analysis  of  it,  gives  re- 
sults nearly  the  same,  all  its  salts  having  a  base  of  potassa. 
That  of  the  camel  he  found  to  contain  carbonate,  sulphate, 
and  muriate  of  potassa,  with  uree. 


The  Concretions  which  sometimes  form  in  the  kidneys 
or  bladder,  being  derived  from  the  urine,  fall  properly  to 
be  considered  under  its  chemical  history.  The  investi- 
gation of  their  nature  and  properties  is  of  much  impor- 
tance, at  least  in  a  medical  point  of  view,  as  they  give  rise 
to  one  of  the  most  painful  diseases  to  which  man  is  sub- 
ject, and  it  is  only  by  chemical  researches  that  we  can 
liope  to  discover  the  cause  of  their  production,  and  of 
course  the  means  by  which  this  may  be  counteracted,  or 
even  by  which,  when  they  have  been  formed,  they  maybe 
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dissolved.  We  have  now,  therefore,  to  deliver  the  che- 
mical history  of  Urinary  Calculi. 

Though  these  concretions  had  long  been  attended  to  by 
the  chemists,  nothing  in  reality  was  known  with  regard 
to  them,  previous  to  the  discovery  of  the  uric  acid  by 
Schecle.  From  this  discovery,  it  appeared  to  form  the 
basis  of  these  concretions,  and  from  that  time  the  know- 
ledge of  this  fact  regulated  all  the  investigations  on  this 
subject.  Bergman  conhrmed  the  discovery  of  Scheele. 
Experiments  continued  to  be  repeated  and  diversified  on 
these  concretions,  and  on  their  solvents  :  it  was  discover- 
ed, that  there  existed  others  besides  those  composed  of 
uric  acid  ;  and  within  these  few  years,  our  knowledge  of 
them  has  been  much  extended,  by  the  researches  of  Pear- 
son, V/oilaston,  and  Fourcroy  and  Vauquelin.  DrWol- 
lastun,  m  particular,  determined  the  composition  of  other 
three  species  of  these  concretions,  besides  that  composed 
principally  of  the  uric  acid  ;  and  in  the  analysis  by  which 
these  important  distmctions  were  established,  discovered 
the  existence  of  various  principles  in  urinary  calculi, 
which  it  had  not  been  before  known  that  they  contamed  *. 
And  Fourcroy  and  Vauquelin,  by  an  extensive  series  of 
experiments,  established  similar  results  t>  and  have  de- 

'  Philosophical  Transactions,  1797. 

t  3  Mt  moircs  de  I'Institut,  National,  torn,  ii,  p.  112. 
I  Aiinales  du  Museum  National,  torn.  i.  p.  93. 
It  is  but  justice  to  remark,  that  Dr  WoUaston's  dissertation 
was  f  iibiished  in  the  Philosophical  Transactions  two  years  be- 
fore the  memoir  of  Fonrcroy  and  Vauquelin  was  read  before 
the  French  National  Institute  j  and  although  the  experiments 
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scribeil,  with  considerable  minuteness,  the  diversified  ap- 
pearances these  concretions  present,  either  from  chemical 
composition  or  mechanical  structure.  The  result  of  all 
these  researches  is,  that  the  following  substances  enter  in- 
to the  composition  of  urinary  calculi :  uric  acid,  urate  of 
ammonia,  phosphate  of  lime,  phosphate  of  ainmonia  and 
magnesia,  oxalate  of  lime,  silex,  and  animal  albumen, 
these  principles  being  more  or  less  common,  and  in  great- 
er or  less  proportion,  giving  rise  to  numerous  varieties. 
Hence  there  is  considerable  difliculty  in  adopting  an  ar- 
rangement with  regard  to  them,  and  this  requires  some 
observations,  before  proceeding  to  their  individual  history. 

The  calculi  which  were  first  properly  analysed,  are 
those  composed  principally  of  uric  acid.  They  are  gene- 
rally of  a  brown  or  yellowish  colour,  smooth  on  the  sur- 
face, and  with  a  texture  compact  or  radiated  ;  they  are 
perfectly  soluble  in  alkaline  solutions,  and  give  a  red  co- 
lour when  treated  with  nitric  acid. 

A  calculus  had  been  observed,  diifercnt  in  its  proper- 
ties from  the  former,  particularly  in  fusing  before  the  blow- 
pipe, into  an  opaque  white  glass,  instead  of  being  decom- 
posed. This  Dr  Woilaston  found  to  be  composed  prin- 
cipally of  phosphate  of  magnesia  and  ammonia. 

Another  had  been  distinguished  by  surgeons  by  the 
name  of  the  Mulberry  Calculus,  from  its  dark  colour  and 
irregularly  knotted  surface,  bearing  some  resemblance  to 

of  Pearson,  published  io  the  Philosophical  Transactions  the 
year  after  Woilaston's,  are  referred  to  in  that  memoir,  nu  no- 
tice is  taken  of  those  of  the  latter  chemist  ;  yt  they  anticipate 
nearly  every  thing  which  the  French  chemists  have  unnonr'ced, 
as  their  own  discovcrier-,  on  this  subject. 
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that  fruit ;  and  it  had  been  observed,  that  this  was  little 
affected  by  an  alkaline  solution.  Dr  Wollaston  found  it 
to  consist  of  oxalate  and  phosphate  of  lime. 

He  lastly  discovered  one  consisting  entirely  of  phos- 
phate of  lime,  of  a  pale  brown  colour,  so  smooth  as  to  ap- 
pear polished,  and  in  its  texture  very  regularly  laminated 
or  composed  of  concentric  crusts,  and  soluble,  though 
slowly,  in  nitric  or  muriatic  acid. 

These  form  four  species,  under  which  Dr  Wollaston 
has  arranged  urinary  calculi:  1st,  The  uric  acid  concre- 
tion :  2d,  The  fusible  calculus  or  phosphate  of  ammonia 
and  magnesia  :  3d,  The  mulberry  calculus,  or  oxalate  and 
phosphate  of  lime  •,  and,  -ith,  What  he  named  the  Bone 
Earth  Calculus,  as  composed  of  phosphate  of  lime,  which* 
forms  the  basis  of  bone. 

The  arrangement  of  urinary  concretions  by  Fourcroy 
and  Vauquelin,  is  more  minute  and  complicated.  They 
observe,  that  in  all  of  them  there  exists  a  quantity  of  ani- 
mal matter  which  appears  to  connect  their  particles;  but, 
independent  of  this,  they  may  be  arranged  under  three 
classes  ;  the  first  consisting  of  calculi  formed  of  a  single 
substance  *,  the  second  composed  of  two  substances  ;  and 
the  third  containing  more  than  two  substances,  frequent- 
ly four.  Under  these  three  classes  might  be  placed,  it  i$ 
evident,  numerous  combinations  but,  confining  them  - 
selves to  those  which  they  had  observed,  they  have  form- 
ed twelve  species  ;  three  belonging  to  the  first  division, 
seven  to  the  second,  and  two  to  the  third. 

The  following  Table  presents  a  vu'w  of  this  arrange- 
ment. 
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It  is  sufBciently  evkient,  that  this  nrrangement  is  not 
strictly  chemical,  since  a  number  of  the  ppecies  are  found, 
ed,  not  on  differences  in  composition,  but  on  differences 
in  mechanical  structure.  And  if  the  classification  of  cal- 
culi were  to  be  established  on  this  principle,  there  is  eve- 
ry probability  that  the  species  would  be  more  numerous 
than  those  Fourcroy  and  Vauquelin  have  established  ;  for 
varieties  in  structure,  or  in  the  layers  of  which  the  con- 
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cretion  consists,  must  often  arise  from  slight  causes ;  and 
even  under  a  practical  point  of  view,  the  utility  of  minute 
distinctions  from  this  source  must  be  doubtful. 

The  classification  of  Wollaston  is  more  precise,  though, 
perhaps,  it  is  rather  too  simple.  Yet,  the  four  species 
which  he  has  enumerated,  are  sufficiently  well  defined, 
and  appear  to  be  those  of  most  common  occurrence.  If 
any  addition  can  be  made  to  them,  in  the  present  state  of 
our  knowledge,  it  is  that  of  the  urate  of  ammonia,  de- 
scribed by  the  French  chemists,  though,  with  regard  to  it, 
there  is  some  doubt.  Under  these  may  be  placed  those 
calculi  in  which  these  ingredients  are  intimately  combined, 
classing  them  according  to  the  predominating  ingredient, 
as  well  as  the  mechanical  aggregates  of  these  species,  at 
least  those  of  them  which,  from  their  frequent  occurrence, 
seem  to  demand  some  notice. 

Specie!  1.  Uric  Acid  Calculus.  Calculi  of  this  kind 
are  usually  in  fine  and  close  layers,  fibrous  or  radiated, 
smooth  on  the  surface,  though  sometimes  a  little  rough, 
of  a  yellowish  or  brown  colour,  similar  to  that  of  wood, 
of  various  shades  •,  their  form  is  spheroidal,  compressed, 
or  elongated  ;  their  size  very  various.  They  are  rather 
brittle,  and  have  a  specific  gravity,  varying  from  1.276  to 
1.786,  but  usually  above  1.500.  They  blacken  without 
melting  on  burning  fuel  j  exhale  an  odour  similar  to  that 
of  bone  burning,  and  give,  by  distillation,  ammonia  and 
prusslc  acid.  They  are  insoluble  in  cold  water,  but  when 
in  powder,  and  the  water  is  at  the  temperature  of  212'', 
a  perfect  solution  is  obtained,  and  small  crystals  are  de- 
posited on  cooling.  They  are  soluble  in  the  cold  in  a  so- 
lution of  pure  potassa  or  soda,  and  from  the  solution  a, 
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precipitate  of  a  fine  white  powder  is  thrown  down  by  the 
acids.  Lime-water  Ukewise  dissolves  them,  but  more  spar- 
ingly. In  solutions  of  the  alkaline  carbonates,  they  re- 
main, according  to  Scheele,  unchanged  :  according  to  the 
experiments  of  Dr  Egan,  however,  they  are  dissolved  even 
by  weak  solutions,  and  also  when  the  alkali  is  super-sat- 
urated by  carbonic  acid  *.  The  weaker  acids  have  no 
effect  on  them.  Even  the  muriatic  acid  does  not  dissolve 
them.  Nitric  acid,  however,  assisted  by  heat,  acts  upon 
them,  and,  as  has  been  already  remarked,  produces  the 
deep  red  colour  which  is  so  characteristic  of  uric  acid. 
In  many  of  them  the  uric  acid  appears  to  be  nearly  pure  : 
thus  Scheele,  in  those  he  examined,  could  not  discover  a 
trace  of  lime  ;  in  others,  however,  there  is  an  intermix- 
ture of  other  ingredients,  particularly  of  phosphate  of  lime, 
and  phosphate  of  magnesia  and  ammonia  ;  and  in  almost 
all  of  them  a  portion  of  animal  matter,  whence  the  smell 
they  emit  in  burning,  and  the  loss  observed  in  their  an- 
alysis. 

Species  2.  Calculus  of  Urate  of  Ammonia.  It  is  doubt- 
ful whether  this  species  exists,  Mr  Brande  having  found, 
in  his  late  experiments  on  this  subject  f ,  that  the  ammonia 
which  the  concretions  referred  to  it  yield,  arises  from  the 
decomposition  of  ur^e,  or  of  phosphate  of  magnesia  and 
ammonia,  or  muriate  of  ammonia,  which  they  contain  uni- 
formly mixed  with  uric  acid.  The  calculus  of  this  na- 
ture has  some  resemblance  in  structure  to  that  composed 
of  pure  uric  acid,  only  the  layers  are  less  sensibly  striated  : 

*  Transactions  of  the  Irish  Academy,  1805;  or  Philojo- 
pbical  Magazine,  vol.  xxiii.  and  xxiv. 
f  Philosophical  Transactions,  1808, 

Vol.  IV.  S  s 
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its  colour  is  also  lighter,  and  often  inclining  to  grey  or 
greyish  white.  Their  form  is  the  same  ;  their  surface 
smooth,  sometimes  brilliant  and  crystalline,  and  some- 
times the  external  layer  is  pure  uric  acid  ;  they  have  al- 
most always,  too,  a  nucleus  of  matter  different  from  tl\e 
body  of  the  calculus.  Their  specific  gravity  is  from 
1.225  to  1.720.  With  regard  to  chemical  characters, 
they  are  well  distinguished  by  their  solubility  in  alkaline 
solutions,  and  their  giving  out,  while  they  dissolve,  a 
strong  ammoniacal  odour,  two  characters  which  are  not 
found  together  in  any  other  species.  They  are  also  solu- 
ble alone  in  hot  water,  and  are  rendered  still  more  soluble 
by  an  excess  of  ammonia.  All  the  acids  abstract  their 
base,  and  reduce  them  to  the  state  of  uric  acid.  Heated 
by  the  blow-pipe,  they  immediately  exhale  ammonia,  and 
then  present  the  same  appearances  as  the  preceding  spe- 
cies. 

Sjjecies  3.  Calculus  of  Phosphate  of  Magnesia  and  Am- 
monia. This  is  the  fusible  calculus  of  Wollaston.  It 
is  to  be  remarked,  however,  that  it  scarcely  ever  forms  a 
calculus  alone  :  It  is  either,  if  pure,  discharged  in  the  form 
of  a  white  sand,  which  consists  of  very  minute  crystals, 
or,  when  it  composes  a  concretion,  it  is  either  intermixed 
with  other  Ingredients,  particularly  with  uric  acid  and 
phosphate  of  lime,  or  it  forms  layers  more  or  less  fine, 
which  alternate  with  layers  of  these,  or  cover  a  nucleus 
of  uric  acid.  It  is  well  tlistinguished  when  in  these  lay- 
ers, or  when  it  is  predominant  in  a  mixed  calculus,  by  its 
lameilatcd  spathose  structure,  its  white  colour,  and  the 
closeness  and  fineness  of  its  texture  it  is  soft  and  smooth 
to  the  touch,  is  easily  sawed  through,  and  gives  a  fine 
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light  powder  of  a  brilliant  whiteness.   It  has  a  taste  mild 
and  sweetish,  without  feeling  dry  like  phosphate  of  lime. 
With  regard  to  chemical  characters,  it  is  distinguished 
by  melting  before  the  flame  of  the  blow-pipe  into  a  white 
enamel  ;  placed  on  burning  fuel,  it  blackens  and  exhales 
an  empyreumatic  ammoniacal  odour,  and  melts  when  the 
heat  is  raised.   It  dissolves  in  water  sparingly,  still,  how- 
ever, so  far,  that  when  the  water  is  boiled  on  it  and  eva- 
porated, it  deposites  minute  crystals  on  cooling.    It  dis- 
solves easily  in  the  acids,  even  those  that  are  weak  ;  and 
when  a  calculus  composed  of  it  is  immersed  in  dilute 
muriatic  acid,  or  water  impregnated  with  carbonic  acid, 
the  phosphate  of  lime  and  magnesia  is  dissolved  ;  and  there 
remains  a  membranous  matter  in  light  flakes,  consisting  of 
the  albumen  mixed  with  it.     The  fixed  alkalis  disengage 
its  ammonia,  combine  with  its  acid,  and  separate  the  mag- 
nesia.   Ammonia  has  little  effect  on  it.    By  subjecting 
calculi,  into  the  composition  of  which  it  enters,  to  the 
successive  action  of  these  re-agents,  they  may  be  ana- 
lysed.   Thus,  according  to  Dr  Wollaston's  method,  the 
phosphate  of  lime  and  ammonia  is  dissolved  by  distilled 
vinegar  in  the  cold,  with  scarcely  any  phosphate  of  lime. 
Muriatic  acid  poured  on  the  residuum  dissolved  the  phos- 
phate of  linve.   And,  lastly,  a  fixed  alkaline  solution  takes 
up  the  uric  acid. 

Species  4.  Calculus  of  Phosphate  of  Lime.  From  the 
observations  of  Dr  Wollaston,  it  appears,  that  this  sub- 
stance sometimes  composes  the  entire  calculus,  though 
more  generally  is  is  usually  mixed  with  other  ingredients, 
particularly  with  uric  acid,  and  with  phosphate  of  mag- 
nesia and  ammonia.    In  the  first  case,  the  calculus  is 
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described  as  being  of  a  pale  brown  colour,  and  so  smooth 
as  td  appear  polished ;  when  sawed  through,  it  is  found 
very  regularly  larftinated,  and  the  laminae,  in  general,  ad- 
here so  slightly  to  each  other,  as  to  separate  with  ease 
into  concentric. crusts.  It  dissolves  entirely,  though  slow- 
ly, in  muriatic  or  nitric  acid.  Exposed  to  the  flame  of 
the  blow-pipe,  it  is  first  slightly  charred,  but  soon  be- 
comes perfectly  white,  retaining  its  form,  until  urged 
with  the  utmost  heat  from  a  common  blow-pipe,  when  it 
may  be  completely  fused.  It  appears  to  be  more  fusible 
than  the  phosphate  of  lime,  which  forms  the  basis  of  bone 
which  Dr  Wollaston  supposes  owing  to  the  latter  con- 
taining a  larger  proportion  of  lime  *.  The  calculi  of 
which  phosphate  of  lime  is  the  basis,  but  in  which  there 
are  also  other  ingredients,  particularly  phosphate  of  mag- 
nesia and  ammonia,  and  uric  acid,  are  more  numerous,  and 
are  diversified  in  the  appearances  they  present.  According 
to  the  observations  of  Fourcroy  and  Vauquelin,  it  appears 
in  these  either  under  the  form  of  layers,  friable,  or  having 
little  hardness,  breaking  into  scales  under  the  saw,  of  a 
greyish  white  colour,  dull,  and  without  any  lamellated 
or  spatho;;e  crystalline  form,  or,  instead  of  layers,  it  pre- 
sents incoherent  grains,  friable,  and  with  little  induration ; 
and,  by  this  dry  and  earthy  appearance,  and  the  dulness 
of  its  colour,  it  is  distinguished  from  the  phosphate  of 
magnesia  and  ammonia.  Calculi  of  either  kind  are  char- 
red by  being  heated,  from  the  animal  matter  they  contain  j 
calcined  to  whiteness  they  do  not  afford  lime.  They 
.ire  dissolved  by  the  acids  even  when  rhueh  diluted,  and 
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the  phosphate  of  lime  Is  again  precipitated  by  the  alkalis. 
They  are  not  affected  by  alkaline  solutions.  From  their 
state  of  intermixture,  however,  they  are  liable  to  varia- 
tions both  in  their  physical  properties  and  chemical  cha- 
racters. Their  colour  is  often  shaded  or  veined  ;  their 
texture  is  even  not  uniform,  crystalline  grains  of  the 
phosphate  of  magnesia  and  ammonia  being  intermixed 
through  it ;  when  the  two  phosphates  merely  are  inter- 
mixed, the  colour  is  pure  white,  and  their  cohesion  gene- 
rally inconsiderable  ;  when  the  uric  acid  is  present  the  co- 
lour is  darker,  and  they  have  more  hardness.  And,  in 
all  these,  the  different  ingredients  can  only  be  recognised 
with  certainty  by  analysis. 

Species  3.  Calculus  of  Oxalate  of  Lime.  This  species 
forms  what  has  been  long  known  by  the  name  of  the 
Mulberry  Calculus,  from  its  colour  and  its  rough  point- 
ed surface :  the  composition  of  It  was  discovered  by 
Wollaston.  It  Is  of  a  dark  brown  colour  externally,  fre- 
quently grey  within  :  its  surface  Is  usually  uneven,  pre- 
senting tubercles  more  or  less  prominent,  frequentlyround- 
ed,  sometimes  pointed,  and  either  rough  or  polished  :  It 
is  very  hard,  difficult  to  saw,  and  appears  to  consist  of 
successive  unequal  layers  :  it  is  also  the  heaviest  of  the 
urinary  concretions.  With  regard  to  chemical  characters, 
it  is  lees  affected  by  the  application  of  the  usual  re-agents 
than  any  other  calculus.  The  pure  alkaline  solutions  have 
no  effect  upon  it,  and  the  acids  dissolve  it  with  great 
difficulty.  When  it  is  reduced,  however,  to  fine  powder, 
both  muriatic  and  nitric  acid  dissolve  it  slowly.  The  so- 
lutions of  the  alkaline  carbonates  decompose  It,  as  Four- 
croy  and  Vauquelin  have  observed  j  and  this  affords 
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the  easiest  method  of  analysing  it  :  the  calculus  in  pow- 
der being  digested  in  the  solution,  carbonate  of  lime  is 
soon  formed,  which  remains  insoluble,  and  is  easily  dis- 
tinguished by  the  effervescence  produced  by  the  addition  of 
weak  acetic  acid,  while  there  is  obtained  in  solution  the 
compound  of  oxalic  acid  with  the  alkali  of  , the  alkaline 
carbonate  :  from  this  the  oxalic  acid  may  be  precipitated 
by  acetate  of  lead  or  of  barytes  ;  and  this  oxalate  thus 
formed  may  be  afterwards  decomposed  by  sulphuric  acid. 
Another  method  of  analysing  this  calculus  is  by  exposure 
to  heat :  its  acid  is  decomposed,  and  by  raising  the  heat 
sufficiently,  pure  lime  is  obtained,  amounting  to  about  a 
third  of  the  weight  of  the  calculus.  This  species,  it  is 
remarked  by  Fourcroy  and  Vauquelin,  contains  more  ani- 
mal matter  than  any  other,  from  which  its  colour  appears 
to  be  derived,  and  which  gives  to  it  also  its  hardness  and 
d^nse  aggregation  :  this  animal  matter  appeared  to  them 
to  be  a  mixture  of  albumen  and  uree.  Mr  Brande  has 
stated  the  composition  of  a  calculus  of  this  species,  which 
he  analysed,  as  follows  :  oxalate  of  lime  65  grains,  uric 
acid  16  grains,  phosphate  of  lime  15  grains,  animal  mat- 
ter 4  grains. 

Fourcroy  and  Vauquelin  found  in  two  calculi  of  the 
six  hundred  which  they  analysed,  siliceous  earth  :  it  was 
mixed  with  uric  acid  and  urate  of  ammonia,  in  the  nu- 
cleus and  internal  layers. 

There  is  also  present  in  all  these  calculi,  as  has  been 
already  remarked,  a  portion  of  animal  matter,  which  has 
perhaps  been  too  little  attended  to  :  it  is  it,  according  to 
Fourcroy  and  Vauquelin,  which  is  the  source  of  the  co- 
lour, induration,  and  texture  of  many  of  these  concretions 
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and  it  appears  to  have  an  important  share  in  their  forma- 
tion :  it  is  found  even  in  those  which  appear  mosl  white 
and  crystalline,  and  in  others  is  contained  in  large  quan- 
tity :  it  often  remains  in  flocculi  when  the  other  ingre- 
dients have  been  dissolved  by  re-agents  :  these  chemists 
have  supposed  it  to  be  analogous  to  albumen  or  gelatin, 
with  the  exception  of  that  in  the  mulberry  calculus,  which 
appears  to  approach  to  uree. 

Such  are  the  ingredients  in  urinary  calculi,  and  the  spe- 
cies under  which  they  may  be  arranged.  It  is  only  farther 
to  be  remarked,  that  they  are  still  more  diversified  by  me- 
chanical intermixture,  layers  of  these  ingredients  alterna- 
ting, and  forming  a  concretion.    As  such  intermixtures 
must  be  in  a  great  measure  accidental,  they  can  scarcely 
be  arranged  with  any  precision.    Those  which  have  been 
most  frequently  observed,  and  which  are  particularly  point- 
ed out  by  Fourcroy  and  Vauquelin,  are,  1st,  The  mixture 
of  uric  acid  and  of  earthy  phosphates  j  the  former  gener- 
ally forming  the  nucleus,  and  the  phosphate  of  lime  and 
phosphate  of  magnesia  and  ammonia  being  either  inter- 
mixed or  in  alternate  layers.   2dly,  Those  of  urate  of  am- 
monia and  earthy  phosphates,  the  nucleus  of  this  being 
commonly  the  urate  of  ammonia,  and  the  layers  being  the 
phosphate  of  lime  and  phosphate  of  magnesia  and  ammo* 
nia  mixed  with  it,  and,  at  the  same  time,  sometimes  alter* 
nating  with  fine  layers  of  it,  or  even  of  uric  acid.  3dly, 
That  of  oxalate  of  lime  and  of  uric  acid,  the  first  general- 
ly occupying  the  centre.   'Ithly,  That  of  oxalate  of  lime 
and  earthy  phosphates  ;  the  first  forming  the  nucleus,  the 
?econd  enveloping  it  in  difierent  layers  :  And,  lastly.  The 
alrorn.irion  of  uric  acid  alone  or  mixed  with  urate  of  arxi* 
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monia,  with  oxalate  of  lime  and  earthy  phosphates  j  the 
centre  or  nucleus  being  oxalate  of  lime,  the  intermediate 
layers  uric  acid  or  urate  of  ammonia,  and  the  exterior, 
earthy  phosphates  more  or  less  intermixed  with  each  other 
and  with  uric  acid.    A  farther  examination  will  no  doubt 
give  many  more  varieties  of  these  mechanical  mixtures  ; 
since,  when  a  concretion  is  once  formed,  it  appears  to  serve 
as  a  nucleus  to  other  formations  which  must  be  liable  to 
be  modified  and  interrupted  according  to  the  diet,  the 
state  of  the  system,  and  of  the  secreting  organ.    Of  all 
the  urinary  concretions,  those  composed  of  uric  acid  have 
been  supposed  to  be  most  common.  All  that  Scheelehad 
examined,  appear  to  have  been  of  this  kind.    Of  200  spe- 
cimens which  Dr  Pearson  analyzed,  not  more  than  six  did 
not  contain  uric  acid,  though  he  found  its  proportion  very 
various.    And  Fourcroy  and  Vauquelin  found,  among 
600  calculi,  more  than  150  composed  of  pure  uric  acid. 
The  observations  of  Mr  Brande,  Ijowever,  are  at  variance 
with  this.    He  had  an  opportunity  of  submitting  to  che- 
mical examination  the  very  large  collection  of  calculi  in 
the  Hunterian  Museum  :  and  he  gives  the  following  state- 
ment of  the  comparative  number  of  the  different  species  : 
— 16  were  composed  of  uric  acid,  4-5  of  uric  acid  with  a 
small  proportion  of  phosphates,  66  of  phosphates  with  a 
relatively  small  proportion  of  uric  acid,  12  of  phosphates 
entirely,  5  of  uric  acid  with  phosphates  and  nuclei  of 
oxalate  of  lime,  and  6  chiefly  of  oxalate  of  lime.    It  ap- 
pears too,  from  Mr  Brande's  .observations,  that  calculi 
formed  in  the  kidney  are  almost  always  of  uric  acid  }  the 
more  rare  calculus  of  oxalate  of  lime  appears  to  be  form- 
.edin  the  same  organ  ;  while  calculi  composed  in  whole  or 
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ill  part  of  phosphates  are  not  from  the  kidneys,  but  have 
been  formed  in  the  bladder.  Hence,  too,  the  nucleus  of 
mixed  calculi  is  almost  uniformly  either  uric  acid,  or  oxa- 
late of  lime,  while  the  superadded  layers  consist  of  phos- 
phates pure  or  alternating  with  uric  acid.  The  nucleus 
itself  has  probably  been  formed  in  the  kidneys,  and  the 
additional  matter  deposited  in  the  bladder.  Where  the 
disposition,  it  is  remarked  by  Mr  Brande,  to  form  uric  acid 
in  the  kidneys  is  great  and  permanent,  the  calculus  found 
in  the  bladder  is  principally  composed  of  uric  acid,  (the 
urine  having  been  so  much  impregnated  with  it) ;  but 
where  this  disposition  is  weak  and  of  short  duration,  the 
nucleus  only  is  uric  acid,  and  the  bulk  of  the  stone  is 
composed  of  the  phosphates.  Where  the  increased  secre- 
tion of  uric  acid  returns  at  intervals,  the  calculus  is  com- 
posed of  alternate  layers,  uric  acid  and  the  phosphates. 
And  when  a  constant  increased  secretion  of  uric  acid  is 
going  on  from  the  kidneys,  only  in  small  quantity,  it  will 
be  more  uniformly  mixed  with  the  phosphates  deposited  in 
the  bladder,  and  form,  when  the  uric  acid  predominates, 
the  species  which  has  been  improperly  named  Urate  of 
Ammonia. 

Fourcroy  and  Vauquelin  have  given  a  very  good  sum- 
mary of  the  chemical  phenomena  presented  by  re-agents 
on  the  usual  ingredients  of  urinary  calculi,  and  by  which 
these  may  be  recognised,  and  the  composition  of  the  con- 
cretion inferred.  In  applying  a  pure  alkaline  solution,  the 
re- agent  by  which  the  analysis  is  generally  first  attempt- 
ed, five  appearances  present  themselves,  from  which  such 
indications  may  be  drawn  :  1st,  The  alkali  may  dissolve 
the  calculus  entirely,  and  without  causing  any  evolution 
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of  ammonia  ;  in  which  case  it  may  be  inferred,  that  it  has 
consisted  of  pure  uric  acid.   2dly,  The  solution  may  be 
equally  complete  as  in  the  first  case,  but  accompanied 
with  a  strong  ammoniacal  odour  :  the  calculus  has  then 
consisted  of  urate  of  ammonia,  without  any  earthy  phos- 
phate, or  at  least  of  uric  acid,  with  an  intermixture  of 
ammoniacal  salts.   3dly,  The  alkali  may  dissolve  only  a 
part  of  the  calculus  in  powder,  without  causing  any  ex- 
halation of  ammoniacal  odour  ;  and  in  this  case,  which  is 
rare,  there  is  indicated  a  mixture  of  uric  acid  and  phos- 
phate of  lime,  which  the  solution  separates.   4thly,  The 
alkaline  ley,  in  effecting  a  similar  partial  solution,  may  at 
the  same  time  disengage  ammonia,  aud'in  this  case,  much 
more  common,  there  are  indicated  the  preseiice  of  uric 
acid  which  has  been  dissolved,  and  of  phosphate  of  mag- 
nesia and  ammonia  which  has  been  decomposed  ;  hence 
the  undissolved  portion  must  contain  the  magnesia,  which 
may  be  discovered  by  weak  acetic  acid,  and  the  addition 
of  potassa  to  the  solution  it  effects  ;  while  the  alkaline  ley 
contains  the  phosphoric  acid,  which  may  be  precipitated 
by  lime-water,  and  the  uric  acid,  which  may  be  thrown 
down  in  a  crystalline  form  by  muriatic  acid.  5thly,  There 
is  presented  sometimes,  in  the  treatment  of  the  calculus 
by  the  alkaline  ley,  another  appearance, — that  of  an  evo- 
lution of  ammonia,  while  no  uric  acid  can  be  precipitated 
from  the  solution  by  the  addition  of  the  other  acids  •,  in- 
dicating of  course  the  presence  only  of  phosphate  of  mag- 
nesia and  ammonia,  mixed  generally  with  more  or  less 
phosphate  of  lime.    The  oxalate  of  lime  is  not  dissolved 
by  the  alkaline  solution,  but  by  the  alkaline  carbonates, 
iTTodiicing  at  the  same  time  carbonate  of  lime,  by  which 
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it  may  be  recognised,  as  well  as  by  furnishing  lime,  when 
the  calculus  has  been  urged  with  a  strong  heat  *. 

The  investigation  of  the  composition  of  urinary  con- 
cretions leads  to  the  interesting  question,  how  far  their 
solution  in  the  bladder  may  be  practicable,  and  by  what 
agents  this,  if  it  can  be  accomplished,  will  be  best  per- 
formed. It  is  sufficiently  evident,  that  being  of  very  dif- 
ferent chemical  composition,  the  same  solvent  cannot  be 
applicable  to  all  of  them ;  yet  still  there  may  be  a  possi- 
bility of  solvents  being  introduced  adapted  to  each. 

liOng  experience  has  sufficiently  established  the  advan- 
tage derived  in  calculous  affections  from  the  use  of  alka- 
line remedies  ;  and  as  the  calculi  composed  of  uric  acid 
are  those  which  appear  to  be  most  abundant,  it  is  suppos- 
ed to  be,  from  the  chemical  action  they  exert  upon  it,  that 
the  benefit  is  derived.  Where  the  pure  alkali  is  used,  a 
real  solvent  power  may  be  exerted  and  it  has  been  prov- 
ed, that  the  alkali  is  secreted  by  the  kidneys,  so  as  to  ren- 
der the  urine  sensibly  alkaline,  and  even  capable  of  acting 
on  the  calculus  out  of  the  body.  Yet  the  solvent  power 
is  very  inconsiderable,  and  the  remedy,  at  the  same  time, 
proves  so  irritating,  when  taken  to  any  considerable  extent, 
that  the  solution  of  a  calculus  even  of  small  size  can  per- 
haps be  scarcely  expected.  The  pain  and  irritation  which 
attend  the  disease,  however,  are  considerably  alleviated  by 
their  habitual  use,  and  this  even  when  the  alkali  is  satur- 
ated or  super-saturated  with  carbonic  acid, — a  circum- 
stance with  regard  to  which  there  appears  some  difficulty 
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in  giving  an  explanation,  since  the  alkalis  in  this  state 
have  been  supposed  not  to  act  on  uric  acid.  From 
the  experiments  of  Dr  Egan,  already  stated,  this,  how- 
ever, appears  to  be  a  mistake  j  though  the  relief  obtained 
from  the  use  of  these  may  also  be  in  part  derived  from 
the  saturation  of  the  other  acid,  whether  phosphoric  or 
acetic,  which  is  likewise  secreted  j  the  urine  is  thus  ren- 
dered less  irritating,  and  the  tendency  to  a  deposition  of 
uric  acid  dimmished,  all  acids  hastening  the  precipitation 
of  this  acid  from  urine.  It  has  accordingly  been  found, 
that  under  the  use  of  alkahne  remedies,  the  sediment  of 
uric  acid  from  the  urine,  so  often  abundant  in  cases  of  cal- 
culus, rapidly  diminishes.  The  increase  of  the  concretion 
is  thus  prevented,  and  the  prmcipal  cause  of  irritation  re- 
moved. 

So  far,  therefore,  the  alkalis  may  act  as  palliatives,  while 
it  must  be  admitted  as  very  doubtful,  if  they  can  be  given 
to  that  extent  to  exert  an  actual  solvent  power.  There  is, 
besides,  an  effect  which  may  attend  their  continued  use, 
especially  in  large  doses,  which  Mr  Brande  has  pointed  out. 
The  phosphates  of  lime  and  magnesia,  he  remarks,  are 
held  in  solution  in  urine  chiefly  by  its  excess  of  acid  ;  if 
this  be  saturated  therefore,  by  the  use  of  an  alkali,  although 
the  deposite  of  uric  acid  may  be  checked,  that  of  the 
phosphates  will  be  favoured,  and  it  appears  that  it  is  prin- 
cipally from  the  deposition  of  these  that  a  calculus  in  the 
bladder  increases  in  size.  Mr  Home  has  added  some 
cases,  which  appear  to  support  this  conclusion. 

Lime,  under  the  form  of  lime-water,  has  been  employ- 
ed as  a  solvent  •,  but  its  use  has  seldom  been  general, 
either  from  the  prejudice  that  it  itself  entered  into  the 
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compesltion  of  these  concretions,  and  would  therefore  ra- 
ther favour  their  formation  j  or  from  the  supposition,  that, 
on  account  of  its  sparing  sokibiUty,  so  little  of  it  could  be 
introduced  into  the  system,  that  it  would  have  no  great 
power.  The  experiments  of  Dr  Egan,  however,  have 
shown,  that  lime-water  acts  with  more  energy  than  an  al- 
kaline solution  of  similar  strength,  in  destroying  the  ag- 
gregation of  urinary  concretion  ;  and  I  observed  this  ef- 
fect strikingly  displayed  in  a  comparative  trial  which  these 
experiments  led  me  to  make.  In^a  dilute  solution  of  pure 
potassa,  a  calculus  of  the  uric  acid  kind  was  in  part  dis- 
solved, the  liquor,  after  a  short  time,  giving  a  copious 
white  precipitate  with  muriatic  acid  ;  but  the  remaining 
calculus  preserved  its  aggregation,  apparently  without 
much  alteration,  the  external  layer  having  been  merely 
removed ;  while  a  calculus  of  a  similar  kind,  and  dischar- 
ged from  the  same  person,  immersed  in  lime-water,  be- 
came in  a  few  days  white  and  spongy  :  it  appeared  at 
length  to  be  entirely  penetrated  :  its  cohesion  was  subvert- 
ed  :  It  presented  a  kind  of  Joose  scaly  appearance,  and 
the  least  touch  made  it  fall  down.  The  lime  probably 
operates  more  upon  the  albumen  or  animal  matter,  which 
appears  to  serve  as  the  cement  or  connecting  substance, 
than  upon  the  uric  acid  ;  and  in  endeavouring  to  discover 
solvents  for  these  concretions,  our  views  ought  perhaps 
rather  to  be  directed  to  this  operation  than  to  the  efTcct 
on  the  saline  matter.  If  lime,  when  received  into  the 
stomach  under  the  form  of  lime-water,  can  be  secrefed 
by  the  kidneys,  as  the  alkalis  unquestionably  are,  it  would 
appear,  from  these  observations,  to  be  superior  to  them  as 
a  solvent.    But,  when  we  consider  the  sparing  solubility 
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of  lime,  and  the  small  quantity  of  it  therefore  that  can  be 
brought  to  the  kidneys,  the  possibility  of  its  secretion  may 
be  doubted.  Mr  Brande  has  even  supposed,  that,  were 
it  secreted,  it  would  rather  prove  hurtful,  by  forming  an 
insoluble  compound  with  the  phosphoric  acid,  or  with  the 
carbonic  acid,  which  he  has  stated  to  be  always,  contained 
in  urine.  This  it  might  perhaps  do  •,  but  if  it  be  true, 
that  the  concretion  of  these  substances  into  a  calculus  is 
owing  principally  to  the  action  of  animal  matter,  as  this 
would  be  prevented,  any  deposite  would  be  discharged, 
and  perhaps  the  aggregation  of  an  existing  concretion 
might  be  destroyed.  Under  this  view,  the  proper  prac- 
tice would  be  the  exhibition  of  an  alkali  and  lime  toge- 
ther, the  former  neutralizing  the  excess  of  acid  in  the  u- 
rine,  and  allowing  the  latter  to  exert  its  power;  and  it  de- 
serves to  be  remarked,  that  the  celebrated  Stephen's  reme- 
dies are  a  combination  of  this  kind. 

Those  calculi  which  are  composed  of  oxalate  of  lime, 
pliosphate  of  lime,  or  phosphate  of  magnesia  and  ammo- 
nia, not  being  soluble  in  alkalis,  it  has  been  supposed  that 
the  use  of  alkaline  remedies  can  be  attended  with  no  ad- 
vantage with  regard  to  them,  and  that  their  solution,  if 
attempted,  must  be  by  the  action  of  weak  acids  ;  and  there 
are  cases  on  record  in  which  the  pain  from  urinary  calcu- 
lus has  been  relieved  by  the  use  of  vegetable  acids,  as  that 
of  lemons,  though  it  might  be  questioned  if  the  use  of  any 
acid  can  ever  be  carried  to  that  extent  to  communicate  to 
the  urine  a  solvent  power.  And  with  regard  to  this  there 
would  be  a  difficulty  similar  to  that  which  attends  the  use 
of  alkalis ;  for  though  the  acid  might  remove  the  phos- 
phates, or  at  least  prevent  their  deposition,  it  would  fa- 
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vour  that  of  the  uric  acid,  and  the  concretion  might  in- 
crease therefore  from  this  cause.  Nor  can  we  ever  hope, 
by  an  alternate  exhibition  of  acids  and  alkalis,  to  adjust 
them  to  each  other,  so  as  to  obtain  their  solvent  effects 
"without  these  counteracting  results.  If  the  view  given  of 
the  operation  of  lime-water,  and  even  of  the  alkalis,  in 
acting  on  the  animal  matter  of  urinary  concretions,  be 
just,  some  advantage  may,  however,  perhaps  be  derived 
from  their  administration,  even  in  all  the  varieties  of  cal- 
culi •,  and  in  all  cases  of  practice,  we  may  derive  some  rule 
to  regulate  it,  by  a  frequent  and  careful  examination  of 
the  deposite  from  the  urine. 

Fourcroy  and  Vauquelin  have  proposed  *,  that  the  so- 
lution of  urinary  concretions  should  be  attempted  by  the 
injection  of  the  proper  solvents  into  the  bladder;  the  uric 
acid  calculus  being  dissolved,  they  observe,  by  some  days 
immersion  in  an  alkaline  ley,  so  weak  that  it  might,  as 
they  suppose,  hs  safely  injected,  and  the  calculi  of  the 
phosphates  being  dissolved  by  water,  in  whicli  there  was  so 
little  muriatic  acid  as  to  give  only  a  slight  sourness.  From 
the  extreme  irritability  of  the  bladder,  however,  with  re- 
gard to  every  fluid  but  that  which  it  usually  contains,  and 
to  which  the  state  of  that  irritability  is  adapted,  there  can 
be  little  doubt  but  that  this  project  is  altogether  imprac- 
ticable. 

The  preceding  history  of  urinary  concretions  applies  to 
those  formed  in  the  human  system.  Tliey  are  sometimes 
found  in  other  animals;  and  calculi  of  this  kind  from  the 


*  rMemoires  de  I'Institut.  National,  torn.  iv.  p.  147. 
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dog,  the  horse,  the  hog,  the  ox,  and  other  quadrupeds, 
have  been  examined  by  Dr  Pearson,  Fourcroy  and  Vauque- 
lin,  and  Mr  Brande  *.  They  have  presented  the  singula- 
rity, that  the  uric  acid  is  ahogether  wanting,  these  concre- 
tions consisting  generally  of  phosphate  and  carbonate  of 
lime  with  animal  matter. 


SECT.  IX. 

OF  SYNOVIA. 

This  name  is  given  to  the  liquor  found  within  the  cap- 
sular ligaments  of  the  joints,  which  is  designed  to  facili-  . 
tate  the  motion  of  the  articulated  bones.    It  was  submit- 
ted to  chemical  examination  by  Margueron,  from  whose 
memoir  f  the  following  concise  account  of  it  is  taken. 

It  is  a  fluid  extremely  viscous,  more  or  less  transparent, 
and  of  a  greenish  colour :  when  it  is  withdrawn  from  its 
capsule,  it  becomes  gelatinous ;  but  after  standing  for  some 
time,  it  loses  this,  and  deposites  a  fibrous  elastic  matter. 
It  mixes  easily  with  cold  water  by  agitation,  and  renders 
it  viscous :  when  the  mixed  liquid  is  heated,  it  becomes 
milky,  and  some  pellicles  are  formed,  but  the  liquor  re- 
mains viscous  as  before. 


"    r  Pearson,  Philosophical  Transactions,  1798,  p.  39. 

<  Fourcroy,  Annales  du  Museum  National,  torn,  iii,  p.  304. 

^    torn.  iv.  p.  329. 
f  Annales  de  Chimie,  torn.  xiv.  p.  123. 


OF  SYNOVIA.  6'i7 

Acids  added  to  synovia,  produce  a  flocculent  precipi- 
tate, which  is,  however,  soon  redissolved,  nor  is  the  vis- 
*  cosity  lessened.  When  the  stronger  acids  are  diluted  with 
from  12  to  15  parts  of  water,  they  still  render  this  liquor 
turbid,  without  impairing  its  viscid  consistence  j  but 
when  very  much  diluted,  so  that  the  acidity  is  scarcely 
perceptible,  this  consistence  disappears,  the  liquor  becomes 
clear  and  transparent,  and  there  separates  from  it  a  fibrous- 
like  matter.  These  phenomena  were,  in  particular,  pro- 
duced by  the  action  of  acetous  acid.  The  liquor  remaining 
after  this  precipitation  being  heated,  affords  albuminous 
pellicles,  and  when  these  are  withdrawn,  it  gives,  on  eva- 
poration, crystals  of  muriate  and  of  acetate  of  soda.  From 
288  parts  of  synovia,  there  were  separated  by  the  action 
of  acetic  acid,  34;  of  the  fibrous-like  matter,  and  after- 
wards, by  heat  and  evaporation,  13  of  albumen,  5  of  mu- 
riate of  soda,  and  3  of  acetate  of  soda. 

The  fibrous  matter  which  is  thrown  down  in  these  ex- 
periments, is  not  perfectly  similar  in  its  properties  to  any 
known  animal  principle  ;  for  although  it  has  some  resem- 
blance, both  to  albumen  and  to  fibrin,  it  still  differs  from 
both.  Margueron  observes,  that  it  resembles  fibrin,  or 
rather  the  gluten  of  wheat,  with  which  he  compares  it,  in 
colour,  taste,  and  odour,  in  elasticity  and  tenacity  ;  but  it 
difi^ers  in  being  soluble  by  agitation  in  cold  water,  and  in 
being  precipitated  in  flakes  by  acids  and  alkohol.  He  con- 
cludes, perhaps  without  much  precision,  that  it  is  albumen 
in  a  particular  state. 

Alkohol  separates  albumen  from  the  synovia,  but  not 
the  peculiar  fibrous  matter,  and  hence  the  viscidity  is  not 
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impaired,  but  it  immediately  disappears  on  adding  acetic 
aeid,  and  a  portion  of  fibrous  matter  is  deposited. 

Synovia  affords  precipitates  with  lime-water,  and  with 
the  solutions  of  barytes,  strontites,  potassa,  and  even  am- 
monia, consisting  principally  of  the  phosphate  of  lime  it 
contains  ;  and  from  the  presence  of  the  same  substance, 
it  gives  a  precipitate  with  oxalic  acid.  The  alkalis  at  the 
same  time  render  it  more  fiuid,  and  even  dissolve  it  when 
it  has  been  inspissated  from  exposure  to  the  air. 

Exposed  to  a  moist  atmosphere,  it  passes  into  a  state  of 
putrefaction,  and  exhales  ammonia.  Decomposed  by  heat, 
it  affords  empyreumatic  oil  and  carbonate  of  ammonia  j 
and  the  residuum  contains  muriate  and  carbonate  of  soda. 
Phosphate  of  lime  is  obtained  from  the  incineration  of 
its  charcoal. 

Margueron  concludes,  as  the  result  of  his  analysis  of 
this  fluid,  that  it  is  composed  of  fibrous  matter  11.8,  al- 
bumen 4.5,  muriate  of  soda  1.75,  carbonate  of  soda  7, 
phosphate  of  lime  7,  the  remaining  quantity  to  make  up 
100  parts  being  water. 

Arthritic  Concretions,  or  those  deposited  some- 
times during  a  paroxysm  of  gout  in  the  joints,  are  proba- 
bly formed  from  this  fluid,  or  are  deposited  by  its  medium. 
They  were  found  by  Dr  Wollaston  to  consist  of  urate  of 
soda  *  j  a  discovery  confirmed  by  the  experiments  of 
Fourcroy  f.  The  connection  of  gout  with  gravel  has  al- 
ways been  observed  i  and  the  deposition  of  thess  concre- 
tions probably  depends  on  some  cause  similar  to  that  on 
which  the  formation  of  urinary  calculi  depends. 

*  Philcsophical  Transactions,  1797,  p.  389. 

t  Annaics  c!u  Museum  National,  torn.  i.  p.  100. 
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SECT.  X. 

OF  THE  AMNIOTIC  FLUID. 

The  fluid  with  whjch  the  foetus  is  surrounded  in  the 
amnios,  is  entitled  to  notice,  principally  as  having  furnish- 
ed what  Vauquelln  has  regarded  as  a  new  acid.  He  ob- 
tained it  from  the  amniotic  liquor  of  the  cow  :  this  has  a 
reddish  colour,  is  somewhat  viscid  and  mucilaginous,  has 
an  acid  and  bitter  taste,  and  a  faint  odour.  It  reddens  the 
more  delicate  vegetable  colours. 

When  this  liquid  is  evaporated,  it  is  covered  with  a 
scum,  in  which  are  formed  small  brilliant  crystals ;  and 
by  continuing  the  evaporation,  it  is  reduced  to  a  thick 
viscid  consistence  like  that  of  honey.  If  this  be  treated 
with  alkohol  boiled  on  it,  a  quantity  of  viscid  dark  colour- 
ed matter,  nearly  of  the  consistence  of  pitch,  remains  un- 
dissolved ;  when  the  alkohol  is  poured  off  from  this,  on 
cooling,  it  deposites  brilliant  crystals,  in  the  form  of  slen- 
der prisms,  nearly  an  inch  long.  These  crystals  are  the 
amniotic  acid.  They  may  also  be  obtained  by  reducing 
the  liquor  to  one-fourth  of  its  volume  by  evaporation  ; 
they  are  coloured  by  a  small  quantity  of  the  animal  mat- 
ter, which  may  be  abstracted  by  washing  with  a  little  wa- 
ter, then  dissolving  and  again  crystallizing  them. 

This  acid,  discovered  and  examined  by  Vauquelin  and 
Buniva  *,  is  white  and  brilliant  j  has  a  slightly  sour  taste, 
reddens  infusion  of  litmus,  is  sparingly  soluble  in  cold  wa- 


*  Annales      Chimie,  torn,  xxxvi.  p,  265. 
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ter,  but  more  so  in  warm  water,  and  crystallizes  on  cool- 
ing :  it  is  also  soluble  in  alkohol.  It  combines  with  the 
alkalis,  and  forms  soluble  salts,  which  are  decomposed  by 
the  other  acids,  the  amniotic  acid  being  precipitated.  It 
does  not  decompose  the  alkaline  carbonates,  unless  when 
aided  by  heat ;  neither  does  it  precipitate  the  earthy  salts, 
or  the  nitrates  of  silver,  quicksilver,  or  lead.  Exposed  to 
heat,  it  is  decomposed,  becomes  black,  exhales  ammonia 
and  prussic  acid,  and  leaves  a  bulky  charcoal.  In  these 
properties  it  has  some  points  of  resemblance  both  to  sac- 
cho-lactic  and  to  uric  acid  ;  but  the  former  differs  from  it 
in  being  soluble  in  alkohol,  and  in  aflbrding  neither  ammo- 
nia nor  prussic  acid,  when  decomposed  by  heat ;  and  the 
latter,  equally  in  its  insolubility  in  alkohol,  its  diiTerent 
crystallization,  and  the  red  colour  which  it  receives  from 
nitric  acid. 

The  animal  matter  which  exists  along  with  this  acid  in 
the  liquor  of  the  amnios  of  the  cow,  has  some  peculiar 
characters.  It  is  of  a  reddish  brown  colour,  of  a  taste 
somewhat  saline,  and  has  a  strong  smell :  it  is  readily  so- 
luble in  water,  to  which  it  communicates  its  colour,  but 
without  any  viscidity  or  gelatinous  consistence  ;  it  is  in- 
soluble in  alkohol,  which  even  precipitates  it  from  its  wa- 
tery solution.  Decomposed  by  heat,  it  alFords  the  usual 
pi^oducts  of  animal  matter,  with  a  considerable  quantity  of 
prussic  acid  :  its  charcoal,  when  incinerated,  gives  phos- 
phate of  magnesia.  Nitric  acid  disengages  from  it  nitro- 
gen and  carbonic  acid  gases,  without  converting  it  into  any 
acid.    It  is  not  precipitated  by  tannin. 

With  these  two  principles,  there  is  present  in  this  liquid 
a  portion  of  sulphate  of  soda,  which  may  be  obtained  by 
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crystallization  from  the  evaporated  liquor,  after  this  has 
deposited  the  amniotic  acid. 

It  is  singular,  that  the  human  amniotic  fluid  is  altoge- 
ther different  in  its  composition.  Vauquelln  and  Buniva 
could  not  discover  in  it  any  amniotic  acid,  but  found  it  to 
consist  of  albumen,  and  perhaps  gelatin,  with  a  little  mu- 
riate and  carbonate  of  soda  and  phosphate  of  lime.  From 
containing  these  principles,  it  is  of  a  mild  saline  taste,  a 
whitish  colour,  and  a  little  viscid.  It  becomes  more  milky 
when  heated  •,  acids  render  it  clear.  Alkobol  and  the 
alkalis  separate  albuminous  flakes  from  it.  Infusion  of 
galls  produces  a  copious  precipitate  ;  and  a  white  preci- 
pitate is  formed  by  nitrate  of  silver,  insoluble  in  nitric  a- 
cid,  indicating  the  presence  of  muriatic  acid. 


SECT.  XT. 

oy  THE  nuMouus  or  tiil  kyk. 

The  ball  of  the  eye  contains  three  liquids  diflcring  in 
their  physical  properties,  though  but  little  in  their  chemi- 
cal nature :  the  Aqueous  Homour,  situated  in  the  ante- 
rior chamber  :  the  Crystalline  Humour  or  Lens,  occupy- 
ing the  central  space  ;  and  the  Vitreous  Humour,  which 
fills  up  the  greater  part  behind  the  lens.  Of  these  we^ad 
very  little  chemical  knowledge,  until  their  analysis  was 
executed  by  Mr  Chenevix  ;  from  whose  dissertation  *, 
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with  one  or  two  facts  from  a  short  memoir  by  Nicholas  *, 
subsequent  to  that  of  Chenevix,  the  following  account  of 
them  is  taken. 

Aqueous  Humour.  This  is  a  clear  transparent  liquid, 
of  the  specific  gravity  of  10090,  at  60^  of  Fahrenheit. 
When  fresh,  it  has  little  smell,  or  taste.  It  causes  very 
little  change  in  the  vegetable  re-active  colours  •,  a  little 
ammonia,  which  causes  it  to  give  a  green  tinge,  being  ap- 
parently produced  from  decomposition. 

When  exposed  to  the  air,  at  a  moderate  warmth,  it  eva- 
porates, and  becomes  slightly  putrid.  When  made  to  boil, 
a  coagulum  is  formed,  so  small  as  hardly  to  be  perceptible. 
Evaporated  to  dryness,  it  leaves  a  matter  weighing  not 
more  than  8  per  cetit.  of  the  original  liquor. 

Tannin  causes  a  precipitate  in  the  fresh  aqueous  hu- 
mour, both  before  and  after  it  has  been  boiled,  and  con- 
sequently shows  the  presence  of  gelatin.  Nitrate  of  sil- 
ver causes  a  precipitate,  which  is  muriate  of  silver.  No 
other  metallic  salts  alter  the  aqueous  humour. 

From  these  and  other  experiments  it  appears,  that  the 
aqueous  humour  is  composed  of  water,  albumen,  gelatin, 
and  a  muriate,  the  basis  of  which  is  soda.  Nicholas  dis- 
covered in  it  a  little  phosphate  of  lime. 

The  action  of  the  acids,  of  the  alkalis,  of  alkohol,  and 
of  other  re-agents,  upon  this  humour,  is  such  as  may  be 
expected  in  a  solution  of  these  principles. 

Crystalline  Humour.  This  differs  materially  from 
the  others.  It  is  solid  and  composed  of  concentric  la- 
mella ;  and  these  appear  to  have  a  different  degree  of  dcn- 
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sity  towards  the  centre  from  what  they  have  in  the  exter- 
nal part,  the  density  decreasing  gradually  towards  the  cir- 
cumference. The  mean  specific  gravity  is  1.100.  When 
fresh,  it  is  neither  acid  nor  alkaline.  It  putrefies  rapid- 
ly. It  is  nearly  all  soluble  in  cold  water,  but  is  partly  co- 
aguiated  by  heat.  Tannin  gives  an  abundant  precipitate  ; 
but  no  traces  of  muriatic  acid  could  be  perceived  when  it 
was  obtained  quite  free  from  the  other  humours.  It  is 
'  composed,  therefore,  of  less  water  than  the  others,  but  of  a 
much  larger  proportion  of  albumen  and  gelatin.  Accord- 
ing to  Nicholas,  the  proportion  of  gelatin  is  least  m  the 
centre :  he  found  in  it  also  a  little  phosphate  of  lime. 

Vitreous  Humour.  This  being  pressed  through  a  rag, 
to  free  it  from  its  capsules,  Mr  Chenevix  could  not,  in 
that  state,  by  all  the  experiments  he  made  on  it,  perceive 
any  difference  between  it  and  the  aqueous  humour,  either 
in  specific  gravity,  or  in  its  chemical  nature. 

These  experiments  by  Mr  Chenevix  were  made  on  the 
humours  of  the  eyes  of  sheep  \  but,  in  repeating  them  on 
those  of  the  human  eye,  and  of  the  eyes  of  oxen,  he  did 
not  find  any  important  chemical  difference^  There  was 
only  a  difference  in  the  proportion  of  the  specific  gravity 
of  the  humours  to  each  other. 


SECT.  XU. 

OF  MUSCULAR  FIBRE. 

The  Muscles,  or,  in  common  language,  the  Flesh  of 
Animals,  present  a  distinctly  fibrous  texture;  and  their 
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basis,  from  which  they  derive  this,  is  Fibrin.  They  con- 
sist almost  entirely  of  this  principle,  with  which  are  in- 
termingled small  quantities  of  fat,  albumen,  gelatin,  and 
saline  matter  i  and,  as  it  is  impossible  to  separate  com- 
pletely from  the  muscle,  the  blood,  cellular  fibre,  nerve 
and  fat,  which  are  attached  to  it,  or  diffused  through  it, 
we  can  scarcely  determine  how  far  any  of  these  is  essen- 
tial to  the  muscula^r  fibre,  or  is  derived  from  the  sub- 
stances thus  mixed  with  it. 

The  muscles,  in  the  different  orders  of  animals,  are  al- 
ways of  the  colour  of  the  blood,  and,  indeed,  derive  their 
colour  from  it  j  hence,  when  they  are  washed  with  wa- 
ter, the  colour  is  removed,  and  a  white  substance  remains, 
having  all  the  properties  of  fibrin. 

When  the  water  which  has  been  employed  in  this  ope- 
ration is  examined,  it  is  found,  besides  the  colouring  mat- 
ter derived  from  the  blood,  to  contain  albumen,  gelatin, 
saline  matter,  and  fat,  the  last  no  doubt  being  adventitious, 
the  others  perhaps  being  constituent  parts  of  the  flesh. 
By  heating  this  water  gradually,  the  albumen  coagulates 
and  separates  in  flakes  ;  if  these  be  removed,  and  the  li- 
quor farther  evaporated,  it  becomes  gelatinous  when  cold; 
the  fat,  during  the  boiling,  collecting  on  the  surface.  By 
this  simple  analysis  made  by  Thouvenel,  the  immediate 
principles  of  muscle  are  discovered. 

Besides  these,  this  chemist  obtained  a  peculiar  extract- 
ive matter,  by  evaporating  the  jelly  to  dryness,  and  treat- 
ing it  with  alkohol :  the  gelatin  and  saline  matter  remain 
undissolved,  and  the  alkohol  takes  up  this  peculiar  matter, 
which,  by  evaporation,  may  be  obtained  in  the  solid  form. 
It  is  of  a  brownish  red  colour,  has  a  pungent,  even  acrid 
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taate,  and  an  odour  somewhat  aromatic  :  by  being  heated 
a  little  more  than  is  necessary  to  dry  it,  it  boils  and  swells, 
and  assumes  the  odour  and  saccharine  taste  of  caramel. 
It  is  deliquescent,  and,  when  in  solution,  becomes  sour 
from  exposure  to  the  air,  passing  into  acetic  acid,  and  de- 
positing charcoal.  Subjected  to  destructive  distillation,  it 
gives  water,  ammonia,  and  acetic  acid  j  and  its  residual 
charcoal  contains  muriates  of  potassa.and  soda. 

By  boiling  water  on  the  muscular  fibre,  previously  wash- 
ed, the  saline  matter  it  contains  is  dissolved,  and  may  be 
detected  in  the  gelatinous  solution.  Phosphates  of  soda 
and  of  ammonia  were  known  to  be  thus  procured  ;  and, 
from  Mr  Hatchet's  experiments,  it  appears,  that  phosphate 
and  carbonate  of  lime  are  also  present.  They  are  more 
abundant,  he  found,  in  the  muscle  of  beef  than  in  that  of 
veal ;  and  he  hence  concludes,  "  that  the  earthy  matter  is 
more  abundant  in  the  coarse  and  rigid  fibre  of  adult  and 
aged  animals,  than  in  the  tender  fibre  of  those  which  are 
young ;  and  this  seems  to  be  corroborated  by  the  tenden- 
cy to  morbid  ossification  so  frequently  observed  in  aged 
individuals  of  the  human  species  *."  In  young  animals, 
too,  the  gelatin  is  more  abundant  in  the  muscular  fibre 
than  in  those  of  advanced  age  ;  in  the  latter,  the  fibrin  ap- 
pears to  predominate. 

When  the  entire  muscular  flesh  is  boiled  in  water,  its 
principles  are  more  completely  dissolved,  except  the  fibrin, 
which  is  in  part  dissolved,  but  which  partly  also  forms 
threads  that  float  in  the  liquor.  In  this  liquid  these  prin- 
ciples can  be  discovered.    The  gelatin  and  albumen  are 


*  Philosophical  Transactions,  1800,  p.  396. 
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detected  by  the  infusion  of  tannin  ;  and  from  the  presence 
of  the  gelatin,  the  liquor  is  hable  to  become  sour  on  keep- 
ing, acetous  acid  being  formed.  Lime-water,  or  ammo- 
nia, produces  in  it  a  slight  precipitate  of  phosphate  of  lime : 
oxalic  acid  detects  the  lime  ;  and,  according  to  Fourcroy, 
nitrate  of  silver  indicates  the  presence  of  muriatic  acid. 
If  the  decoction  be  strained  and  evaporated,  it  becomes 
gelatinous  ;  a',d  by  being  boiled  sufficiently,  it  becomes 
solid  and  firm,  in  consequence  of  which  it  can  be  preser- 
ved for  a  long  time  without  injury.  Compositions  of  this 
kind,  with  the  addition  of  aromatics  and  a  httle  muriate  of 
soda,  form  the  tablets  of  portable  soup. 

The  muscular  fibre,  in  its  relations  to  the  chemical  re- 
agents, presents  phenomena  conformable  to  what  we 
know  of  its  immediate  principles. 

When  exposed  to  the  air,  it  soon  becomes  tainted,  and 
at  length  putrid, — a  change  which,  as  Mr  Hatchet  has 
supposed,  depends  principally  on  the  presence  of  gelatin  ; 
as  he  found,  that  flesh,  deprived  of  this  principle  by  long 
maceration  and  subsequent  boiling,  is  little  liable  to  this 
change.  Berthollet  has  found,  that  if  the  gelatin  be  re- 
moved by  boiling,  so  that  the  liquid  gives  no  precipitate 
with  tannin,  on  exposing  the  flesh  to  the  air  for  some  days, 
oxygen  is  consumed  and  carbonic  acid  formed  •,  a  putrid 
odour  is  acquired  ;  and  there  is  a  formation  of  gelatin,  so 
that  the  water  boiled  on  the  flesh  gives  a  copious  precipi- 
tate with  tannin.  This  can  be  repeated  a  number  of 
times  ;  these  results,  however,  are  gradually  obtained  to 
a  less  extent,  and  at  length  the  flesh  is  converted  into  a 
eubc-tance  strongly  resembling  cheese  *. 


*  Mcmoirus  dc  la  Socirie  d'Arcueil,  torn.  i.  p. 
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"When  the  air  is  excluded,  and  the  flesh  is  immersed 
under  water,  it  suffers  a  peculiar  species  of  decomposi- 
tion, in  consequence  of  which  it  is  converted  into  a  fatty 
matter  like  spermaceti, — a  change  which  is  to  be  consi- 
dered under  the  history  of  the  general  chemical  changes 
to  which  animal  matter  is  liable. 

Exposed  to  heat,  it  affords  all  the  usual  products  arising 
from  the  decomposition  of  animal  matter.  BerthoUet,  ex- 
amining the  acid  which  it  affords,  found,  that  it  is  of  a 
peculiar  nature  :  he  named  it  the  Zoonic  ;  but  it  has  since 
been  discovered  to  be  merely  the  acetic.  Five  hundred 
grains  of  the  washed  muscular  fibre  of  beef,  left,  in  Mr 
Hatchet's  experiments,  108  grains  of  charcoal,  which,  by 
incineration,  afforded  25.6  grains  of  earthy  residuum,  the 
greater  part  of  which  was  carbonare  of  lime,  with  a  small 
proportion  of  phosphate,  and  a  little  pure  lime. 

The  acids  decompose  the  muscular  fibre,  with  results 
nearly  the  same  as  those  produced  by  their  action  on 
fibrin.  The  action  of  nitric  acid  has  in  particular  been 
examined,  and  is  important.  Berthollet  long  ago  remark- 
ed, that  it  caused  an  evolution  of  nitrogen  gas.  Mr 
Hatchet  has  shown,  that  washed  muscular  fibre,  acted  on 
by  nitric  acid  diluted  with  three  parts  of  water  in  the  cold, 
is  converted  into  a  substance  soluble  in  boiling  water,  and 
analogous  to  gelatin  ;  the  acid  at  the  same  time  acquir- 
ing a  yellow  tinge ;  and  the  residual  matter  consists  prin- 
cipally of  fat,  with  a  portion  of  undecomposed  muscular 
fibre.  "When  the  washed  flesh  was  acted  on  by  boiling 
nitric  acid,  it  was  dissolved  ;  the  solution  was  of  a  yellow 
colour,  and  a  portion  of  fatty  matter  floated  on  the  sur- 
f.jce  :  ammonia  threw  down  a  precipitate  of  oxalate,  with 
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a  little  phosphate  of  lime  :  oxalic  acid,  therefore,  had  been 
formed.  When  the  recent  muscle,  without  any  prepara- 
tion, was  dissolved  in  nitric  acid,  the  solution,  when  sa- 
turated with  ammonia,  became  of  a  deep  orange  colour : 
it  also  formed  animal  soap  with  the  alkalis, — phenomena 
indicating  the  presence  of  albumen  *.  » 

The  action  of  nitric  acid  on  the  muscular  fibre  has  been 
more  lately  examined  still  more  minutely  by  Fourcroy  and 
Vauquelin  ;  and  some  important  results  have  been  estab- 
lished, though  only  a  very  imperfect  statement  of  them 
has  been  published  f . 

A  mixture  of  muscular  flesh,  with  an  equal  quantity  of 
nitric  acid  and  of  water,  being  heated  in  a  matrass,  gave 
out  an  elastic  fluid,  found  to  consist  of  nine-tenths  nitro- 
gen and  one-tenth  carbonic  acid.  The  residuum  consist- 
ed of  the  remains  of  the  flesh,  still  retaining  in  part  its 
fibrous  appearance,  of  a  yellow  liquor,  and  of  a  yellow 
fatty  matter,  collected  on  the  surface  of  the  liquor.  This 
being  removed,  and  the  liquor  filtered,  the  residual  fibrous 
matter  was  found  to  have  the  following  properties  :  it  gave 
to  boiling  water  a  yellow  colour,  and  the  property  of  red- 
dening vegetable  blues  ;  and  even  after  having  been  re- 
peatedly washed,  it  continued  to  give  colour,  though  no 
longer  acidity.  Washing  rendered  its  colour  deeper  than 
at  first  •,  and  when  difl^used  in  a  little  water,  it  reddened 
litmus-paper.  Its  solution  in  alkalis  was  of  a  blood-red 
colour :  acids  precipitated  it  in  yellow  flakes.  It  feels 
greasy  and  pitchy  ;  has  a  rancid  smell,  and  a  bitter  taste ; 


*  Philosophical  Transactions,  1800,  p.  391.  393. 
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and  melts,  swells,  and  gives  an  oily  vapour  when  heated. 
By  a  farther  examination  it  was  found  to  saturate  alkalis, 
so  as  nearly  to  disguise  their  properties :  its  combinations 
with  potassa  and  ammonia  lathered  like  soap  and  water, 
and  are  not  decomposed  by  carbonic  acid.  The  yellow 
matter  even  decomposes  the  alkaline  carbonates  in  the 
cold  with  effervescence,  and  likewise  the  solution  of  ace- 
tate of  potassa,  with  the  assistance  of  a  gentle  heat. 

From  these  properties,  it  might  be  suspected,  that  this. 
product  was  not  pure,  but  rather  in  a  state  of  intex-mix- 
ture  ;  and  accordingly,  by  the  application  of  alkohol,  it 
v/as  found  to  consist  of  a  small  quantity  of  unctuous  mat- 
ter, which  the  alkohol  takes  up,  and  of  an  acid,  which, 
from  its  colour,  these  chemists  hav«  named  Yellow  Acid. 
This  acid,  when  freed  from  the  fat  which  disguises  its 
properties,  is  of  a  deeper  Colour,  reddens  more  strongly 
the  vegetable  colours ;  it  no  longer  melts,  and  does  not 
exhale  the  odour  of  burnt  grease,  but  foetid  and  ammo- 
niacal  vapours.  It  combines  with  ammonia,  which  it  de- 
prives of  its  odour.  Dissolved  in  fat,  it  communicates  to 
it  acidity  and  rancidness.  Subjected  to  destructive  distil- 
lation, it  gives  the  usual  products  of  the  decomposition  of 
animal  matter. 

The  combination  of  the  yellow  acid  with  the  fat,  on  be- 
ing again  submitted  to  the  action  of  nitric  acid,  underwent 
no  remarkable  alteration,  except  that  its  colour  changed 
from  yellow  to  white,  and  its  bulk  and  specific  gravity 
were  diminished. 

The  acid  liquor  obtained  in  the  above  process  was  next 
examined.  It  had  a  yellow  colour  :  when  saturated  with 
carbonate  of  potassa,  its  colour  changed  to  orange :  after- 
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wards  it  became  turbid,  and  deposited  a  small  quantity  of 
orange-red  powder.  By  distillation,  a  clear  colourless  li- 
quor, of  a  rancid  taste,  containing  a  little  ammonia,  was 
obtained.  On  distilling  the  liquor,  without  the  previous 
addition  of  carbonate  of  potassa,  a  similar  colourless  fluid 
passed  over  :  what  remained  in  the  retort  Had  become  yel- 
low by  concentration  :  when  concentrated,  crystals  form- 
ed in  the  midst  of  a  liquor,  viscid,  and  having  an  acrid 
bitter  taste  :  on  the  addition,  of  a  little  potassa,  it  became 
of  a  blood-red  colour  :  mixed  with  alkohol,  it  gave  a  pre- 
cipitate, consisting  of  a  mixture  of  sulphate  of  lime  and 
super-oxalate  of  potassa.  It  gave  a  second  precipitate 
with  lime-water,  consisting  of  oxalate  of  lime.  After  this 
double  operation  of  alkohol  and  lime-water  on  this  con- 
centrated liquor,  on  being  gradually  evaporated  farther,  it 
became  converted  into  a  brown  viscid  syrup,  of  a  bitter 
taste  ;  which  being  again  mixed  with  alkohol,  threw  down 
a  copious  precipitate  of  malate  of  lime,  the  alkohol  re- 
taining dissolved  a  portion  of  yellow  acrid  matter. 

From  these  facts,  it  is  concluded,  to  use  the  words  of 
the  memoir,  "  That  the  muscles  contain  potash,  lime,  and 
sulphuric  acid,  or  perhaps  sulphur  burned  by  nitric  acid  : 
That  a  portion  of  the  muscular  fibre,  or  rather  the  cellu- 
lar membrane  with  which  it  is  enveloped,  is  converted  by 
the  action  of  the  nitric  acid  into  oxalic  and  malic  acids. 
The  alkohol  employed  in  the  separation  of  the  malate  of 
lime  held  in  solution,  1st,  A  small  portion  of  nitrate  of 
lime.  2dly,  A  very  bitter  red-brown  matter,  possessing 
the  flavour  of  walnut  rhinds,  of  whicli  more  will  be  said 
liereafter.  3dly,  A  small  quantity  of  th^tt  detonating  mat- 
ter already  found  in  indigo  :  it  was  in  this  case  obtained 
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by  concentrating  the  alkoholic  solution,  and  separating  it 
by  the  addition  of  carbonate  of  potash,  in  tlie  form  of 
granulated  crystals,  very  inflammable,  and  detonating." 

"  The  disengagement  of  azotic  gas,  the  formation  of  car- 
bonic acid,  of  fat,  of  oxalic  acid,  and  of  a  bitter  substance, 
constitute  the  whole  that  was  known  respecting  the  treat- 
ment of  animal  substances  by  nitric  acid  :  to  this  is  now- 
added  the  discovery,  1st,  Of  a  yellow  insipid  matter,  of 
little  solubility,  though  acid,  and  which  immediately  suc- 
ceeds the  fleshy  fibre.  2dly,  Of  another  yellow  matter, 
bitter,  more  soluble,  and  equally  acid,  which  remains  dis- 
solved in  the  nitric  liquor.  3dly,  Of  an  inflammable  de- 
tonating substance,  which  is  also  retained  in  solution, 
4thly,  and  lastly,  Of  the  formation  of  malic  acid.  It  ap- 
pears, and  is  the  opinion  of  Messrs  Fourcroy  and  Vauque- 
lin,  that  the  yellow  and  nearly  insoluble  matter  is  the  first 
degree  of  change  produced  upon  the  muscular  fibre  :  it 
passes  quickly  to  the  second  degiree  of  alteration  and  of 
acidity,  whose  product  is  the  more  soluble  yellow  matter; 
this,  by  a  third  degree  of  alteration,  is  succeeded  by  the 
inflammable  detonating  substance,  being  the  third  and  last 
term  of  the  decomposing  action  of  nitric  acid.  The  au- 
thors of  this  memoir  attribute  the  successive  formation  of 
these  compounds  to  the  subtraction  of  part  of  the  azot?, 
and  of  a  more  considerable  portion  of  the  hydrogen  :  by 
this  means  the  proportions  of  their  elements  are  changed, 
and  there  remains  an  excess  of  carbon  and  of  oxygen,, 
which  produces  the  state  of  fat  and  acidity  already  no- 
ticed. Thev  examhied  if  the  acidity  of  the  vellow  sub- 
stances  might  in  any  measure  arise  from  nitric  acid  ;  but 
after  a  careful  investigation,  they  were  satisfied  that  it  was 
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not  present.  The  formation  of  oxalic  and  malic  acids 
belongs  to  the  white  mucous  scales  of  the  cellular  mem- 
brane. Comparative  experiments  of  the 'effects  of  nitric 
acid  oa  the  white  membranaceous  organs,  which  furnish- 
ed plenty  of  these  acids,  and  very  little  of  the  fat  yellow 
matter,  led  the  authors  to  this  conclusion." 

The  yellow  principle  which  they  have  thus  discovered, 
appears  to  have  some  relation  with  the  bile.  According 
to  the  reporter  of  these  experiments,  the  red  matter  of 
biliary  concretions,  when  separated  from  the  bitter  green 
matter  with  which  it  is  combined,  displayed  similar  pro- 
perties with  the  yellow  fibrous  matter.  A  substance  si- 
milar to  it  too,  was  obtained  from  the  urine  of  a  person 
labouring  under  jaundice,  by  evaporating  it,  and  treating 
it  with  alkohol.  They  suppose  even,  that  it  is  it  which 
gives  the  yellow  colour  to  bile. 


SECT.  XIII. 

OF  SKIN,  CELIALAR  FIBRE,  AND  MEMBRANli:. 

The  soft  solids,  enumerated  under  this  section,  have  a 
close  analogy  in  their  properties,  and  appear  to  be  the 
same  matter  under  very  slight  modifications,  or  to  have 
for  their  basis  Gelatin. 

The  Skin,  which  forms  the  external  covering  of  the 
animal  body,  consists  principally  of  two  parts  capable  of 
being  separated,  and  possessed  of  different  chemical  cha- 
racters   the  external  thin  covering  named  the  Cuticle  or 
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Epidermis  ;  and  beneath  this,  a  thicker  and  firmer  layer, 
the  Cutis  or  true  skin.  Between  these,  has  been  described 
by  anatomists,  a  cellular  texture,  soft  and  gelatinous. 

The  first  of  these,  the  Cuticle,  is  nearly  inorganic. 
When  separated  from  the  other  parts,  which  it  may  be 
in  the  living  animal,  by  the  application  of  a  blister,  or 
when  the  skin  has  been  detached  by  maceration  in  hot  wa- 
ter, it  appears  extremely  thin  and  transparent.  It  is  in- 
soluble in  water,  even  by  long  boiling,  a  property  in  which 
it  differs  from  the  true  skin,  which  may  be  dissolved  :  it 
is  merely  softened,  and  reduced  into  small  particles.  It 
is  equally  insoluble  in  alkohol.  Solutions  of  the  alkalis, 
however,  dissolve  it  easily,  forming  a  kind  of  soap  a  mu- 
tual action,  which  we  perceive  well  exemplified  between 
these  substances,  in  rubbing  a  little  of  an  alkaline  ley  be- 
tween the  fingers,  the  soapy  feel  being  strong.  Lime 
acts  on  it  as  a  solvent  *,  and  hence  the  advantage  of  lime 
in  the  operation  of  tanning  :  it  removes  the  epidermis,  and 
allows  the  true  skin  to  be  penetrated  with  the  tanning  li- 
quor from  each  surface.  The  acids  decompose  it :  sul- 
phuric acid  forms  with  it  a  kind  of  soapy  pulp,  and  chars 
it :  nitric  acid  stains  it  yellow. 

The  true  skin,  or  Cutis,  is  thicker  than  the  epidermis, 
and  consists  of  layers  interlaced  :  it  has  considerable  firm- 
ness and  elasticity.  When  macerated  in  water,  it  swells 
and  softens,  and  the  blood  and  other  animal  fluids  con- 
tained in  it  are  dissolved.  If  boiled  strongly  in  water,  it 
is  entirely  dissolved,  and  this  solution  presents  all  the  cha- 
racters of  gelatin :  it  is  precipitated  by  tannin,  and  by  ni- 
tro-muriate  of  tin  ;  and,  when  evaporated,  forms  a  jelly 
or  glue,  more  or  less  consistent.  Seguin,  in  his  researches 
on  the  art  of  tanning,  had  observed,  that  the  skin  in  its 
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dense  state  does  not  easily  combine  with  tannin  •,  he  re- 
garded it,  therefore,  as  gelatin  hardened  by  a  slight  de- 
gree of  oxidizement  j  and  on  this  hypothesis,  explained 
the  effect  of  some  substances,  as  the  gallic  acid,  in  pro- 
moting the  operation  of  tanning  ;  they  partially  de-oxi- 
dized it,  he  supposed,  and  thus  facilitated  its  combination 
with  the  tannin.  Mr  Hatchet,  without  assigning  the 
cause,,  has  observed  also  the  difference  between  skin  and 
pure  gelatin,  and  likewise  the  differences  in  the  skin  of 
different  animals,  in  the  jelly  or  glue  they  afford  by  boil- 
ing with  water.  There  is  a  gradation,  he  observes,  from 
the  most  firm  and  consistent  glue,  a  small  portion  of  which 
communicates  viscidity  to  water,  to  a  tremulous  mucilage. 
All  of  them  are  essentially  gelatin,  or  possess  its  chemical 
properties  ;  but  they  differ  in  the  degree  of  consistence, 
which,  when  they  are  all  in  a  solid  state,  they  communi- 
cate to  water,  and  in  the  facility  with  which  they  are  acted 
on  by  tannin,  nitro-muriate  of  tin,  nitric  acid,  and  other 
re-agents  j  those  which  are  least  consistent  and  viscid  be- 
ing dissolved,  and  acted  on  with  most  facility  *.  The 
most  flexible  skins,  he  found,  always  afforded  gelatin  more 
easily,  and  of  a  less  viscid  quality,  than  those  which  are 
less  flexible.  In  the  arts,  the  different  kinds  of  size  and 
glue  are  prepared  from  the  skins  of  different  animals,  ac- 
cording to  the  purpose  to  which  they  are  to  be  applied, 
the  skin  being  well  cleaned,  boiled  in  water  until  it  is  dis- 
solved, and  the  decoction  evaporated  to  the  due  consistence. 
Carpenters' glue  is  made  from  the  parings  of  hides  or  horns. 
Size,  which  is  a  softer  glue,  is  prepared  from  the  clippings 
of  parchment,  glove  leather,  and  other  finer  kinds  of  skin. 


*  Philosophical  Transactions,  1800,  p.  367,  368. 
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The  art  of  tanning  skin,  from  the  operation  of  tannin 
on  its  gelatin,  has  already  (p.  287.)  been  described. 

Acids  act  on  skin,  and  decompose  it.  The  nitric  acid 
causes  an  evolution  of  nitrogen  gas  and  prussic  acid,  and 
a  formation  of  oxalic  acid  ;  the  skin,  or  the  glue  formed 
from  it,  dissolves,  and  the  liquor  acquires  a  yellow  colour, 
which  becomes  deeper  when  it  is  saturated  with  ammonia. 
Muriatic  acid  dissolves  the  glue  formed  from  skin,  and  the 
solution  suffers  no  change  for  many  months. 

Skin  is  also  soluble  in  alkaline  solutions.  The  glues 
formed  from  it,  consisting  of  pure  gelatin,  are  dissolved  by 
them  ;  and  Mr  Hatchet  has  remarked,  that  the  compound 
is  not  soapy,  as  it  is  when  the  gelatin  is  not  pure  but 
mixed  with  any  membranous  part  not  soluble  in  water. 

Skin  in  its  ipoist  state  is  liable  to  putrefaction ;  less  so, 
however,  the  more  dense  and  firm  it  is  ;  and  this  is  ob- 
served even  in  a  state  of  solution,  Mr  Hatchet  having  re- 
marked, that  a  solution  of  glue  is  much  longer  in  show- 
ing signs  of  putrefaction  than  a  solution  of  tremulous 
animal  mucilage. 

Skin  is  decomposed  by  heat,  and  affords  the  usual  pro- 
ducts of  animal  matter. 

The  Cellular  Fibre,  or  net-work,  the  Rete  muco- 
sum  of  anatomists,  interposed  between  the  cutis  and  cu- 
ticle, has  been  little  examined,  and  indeed  cannot  be  de- 
tached from  the  other  parts.  It  is  the  seat  of  the  colour 
and  this  colouring  matter  can  be  acted  on  through  the 
cuticle,  the  skin  of  the  negro  being  whitened  by  the  ac- 
tion of  oxymuriatic  acid,  as  Dr  Beddoes  ascertained, 
though  the  black  colour  is  resumed  in  a  short  time. 
The  Membranes,  which  compose  so  large  a  portion 
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of  the  soft  solids,  forming  the  cellular  texture,  the  coats 
of  the  vessels,  and  the  coverings  of  the  viscera,  appear  to 
be  of  the  same  nature.  They  have  similar  flexibility,  and 
they  dissolve  more  or  less  completely  in  vv^ater,  forming 
gelatinous  solutions. 


SECT.  XIV. 

OF  TEN'DO.S',  LIGAMENT,  CAlltlLAGJi,  JIOHN,  HAIR,  &C. 

These,  in  their  physical  properties,  are  different  from 
the  substances  described  in  the  preceding  section,  parti- 
cularly in  their  greater  firmness  and  hardness  and  they 
form  a  gradation  into  those  which  are  still  more  highly 
indurated,  bone  and  shell.  The  chemical  constitution  of 
some  of  them  has  been  only  imperfectly  investigated. 
Ligament,  tendon,  and  muscle,  it  is  observed  by  Mr 
Hatchet,  seem  to  glide  almost  imperceptibly  into  each  o- 
ther  :  they  are  connected  with  cartilage,  as  it  is,  on  the 
other  hand,  with  horn  j  and  the  basis  of  all  them  appears, 
from  Mr  Hatchet's  experiments,  to  be  albumen.  I  have 
therefore  placed  them  under  one  section. 

The  Tendons,  which  are  cords  or  flat  sheaths  connect- 
ing the  muscles  with  the  bones,  have  a  great  degree  of 
toughness  and  elasticity  :  their  texture  is  fibrous.  They 
are  with  difficulty  acted  on  by  water.  It  is  said,  how- 
ever, that  from  long  boiling  they  are  dissolved,  and  their 
solution  forms  a  jelly  or  glue.  It  is  probable,  that  they 
may  afford  so  much  gelatin  as  to  form  a  gelatinous  fluid ; 
but  it  may  be  doubted  if  they  are  entirely  soluble. 

The  Ligaments  connect  and  bind  the  bones  together 
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at  their  articulations  :  they  are  distinctly  fibrous  in  their 
texture,  the  fibres  running  longitudinally  j  are  possessed 
of  great  strength  and  cohesion ;  can  be  stretched  out,  and 
have  a  degree  of  elasticity,  and  are  not  easily  broken. 
When  boiled  in  water,  they  afford  a  portion  of  gelatin, 
the  water  being  rendered  turbid  by  infusion  of  tannin  ; 
but  the  entire  substance  cannot  be  dissolved,  and  it  even 
often  remains,  after  the  boiling,  with  its  texture  little  al- 
tered. It  is  obvious,  therefore,  that  its  basis  is  not  gelatin, 
but  appears  rather  to  be  indurated  albumen. 

Cartilage  forms  the  transition  to  bone  :  it  has  so 
much  induration,  as  to  require  the  exertion  of  some  force 
to  bend  it ;  and  in  a  morbid  state,  is  often  so  highly  in- 
durated as  to  be  ossified.  Bone,  on  the  other  hand,  is  in 
the  first  stages  of  its  formation  and  growth  cartilaginous  j 
it  sometimes  becomes  so,  too,  from  disease  :  and  a  carti- 
laginous matter  exists  in  the  hardest  bones,  and  forms 
their  basis,  from  which  the  other  ingredients,  the  gelatin 
and  earthy  matter,  may  be  removed  by  their  solvents. 

Cartilages  are  solid,  but  soft  and  easily  cut;  highly 
elastic,  dense  in  their  texture,  white  and  semi-transparent. 
They  cover  the  articulated  extremities  of  bones,  or  some- 
times form  distinct  parts. 

The  chemical  properties  of  cartilage  arc  not  very  well 
determined,  and  appear  to  vary  in  different  cartilages. 
Thus  Mr  Hatchet  has  remarked,  that  "  the  cartilages  of 
the  articulations  are  completely  soluble  when  long  boil- 
ed with  water  ;  but  this  by  no  means  happens  when  other 
cartilages  are  thus  treated  *."    They  are  stated,  however, 


*  Hatchet,  Philosophical  Transactions,  1 800,  p.  .'?70. 
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to  be  softened  by  maceration  in  water,  and  by  long  boil- 
ing to  be  nearly  entirely  dissolved. 

The  little  action  exerted  even  by  the  more  powerful 
chemical  re-agents  on  cartilage,  is  very  well  shewn  by  the 
fact,  that  in  subjecting  a  bone  to  the  action  of  diluted  mu- 
riatic or  nitric  acid,  though  the  gelatin  and  the  phosphate 
of  lime  are  dissolved,  the  cartilaginous  part  remains  un- 
dissolved, transparent,  and  presenting  the  figure  of  the 
bone.  This  residual  cartilaginous  matter,  it  is  remarked 
by  Mr  Hatchet,  "  is  not  easily  soluble  in  dilute  acids ;  for 
(according  to  its  texture)  many  weeks,  and  even  months 
may  elapse,  before  a  small  part  is  taken  up ;  but  in  con- 
centrated nitric  acid,  or  in  boiling  dilute  acid,  it  is  rapid- 
ly dissolved.'' 

As  the  matter  of  cartilage  thus  obviously  differs  from 
gelatin,  and  as  it  is  comparatively  insoluble  and  inactive, 
it  appears  to  be  what  Mr  Hatchet  has  considered  as  indu- 
rated albumen,  and  which  is  the  basis  of  a  number  of  ani- 
mal solids.    He  accordingly  states  this .  principle  as  the 
essential  part  of  cartilage,  horn,  hair,  feather,  quill,  hoof, 
nail,  and  shell,  varying  only  in  its  consistency  from  a  soft 
jelly  to  an  elastic,  brittle,  and  hard  body  like  tortoise  shell, 
but  in  all  of  these  of  similar  chemical  properties.  From 
experiments  on  these  bodies,  which  did  not  give  any  es- 
sential difference  in  the  results,  it  appears,  that  this  mat- 
ter is  softened  when  boiled  in  water,  and  the  water  be- 
comes slightly  turbid  with  nitro- muriate  of  tin,  but  suffers 
no  change  from  the  tanning  principle.    Muriatic  and  sul- 
phuric acids  had  little  effect  on  it  unless  heated ;  and  the 
same  was  the  case  v/ith  nitric  acid  much  diluted,  or  in  the 
state  proper  to  extract  and  separate  gelatin  ;  but  if  the 
Immersion  in  the  dilute  r.cid  w<r5  continued  during  some 
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weeks,  the  acid  gradually  acquired  a  yellow  tinge,  and, 
when  saturated  with  ammonia,  became  of  a  deeper  colour 
without  having  its  transparency  disturbed.  The  substance 
macerated  is  softened  and  becomes  more  transparent  : 
if  immediately  immersed  in  pure  ammonia,  its  colour 
changes  to  a  deep  orange,  inclining  to  blood  red,  and  it  is 
gradually  dissolved,  forming  a  deep  orange  or  yellowish 
brown  liquor.    If,  when  taken  out  of  the  acid,  it  is  well 
washed  in  distilled  water  and  boiled,  it  is  dissolved  and 
forms  a  liquor,  precipitated  like  gelatin  by  infusion  of 
tannin  and  nitro-muriate  of  tin.    If  the  nitric  acid  was 
not  sufficiently  diluted,  or  if  heat  was  applied,  the  whole 
was  rapidly  dissolved  with  effervescence,  and  a  discharge 
of  nitrous  gas  ;  and  the  solution  presented  nearly  the  same 
properties  as  that  with  the  dilute  acid.    The  fixed  alkalis 
combine  with  this  principle  in  all  its  varieties,  and  form 
saponaceous  compounds,  ammonia  being  disengaged  du- 
ring the  combination,  and  charcoal  precipitated.  These 
compounds  were  decomposed  by  the  addition  of  an  acid, 
and  a  copious  precipitate  thrown  down,  soluble  in  an  ex- 
cess of  acid,  and  capable,  with  the  alkali,  of  again  form-* 
ing  soap.  This  principle,  when  distilled,  gave  a  small  por- 
tion of  water,  some  carbonate  of  ammonia,  a  foetid  empy- 
reumatic  oil,  carburetted  hydrogen,  and  carbonic  acid  gas- 
es and  prussic  acid.    Its  coal  affords  little  saline  matter, 
priticipally  phosphates. 

Mr  Hatchet  was  induced  to  make  some  comparative  ex- 
periments on  pure  coagulated  albumen  dried,  and  found 
them  almost  precisely  the  same.  There  can  be  therefore 
little  doubt,  that  albumen  is  the  basis  of  the  substances 
above  described,  existing  in  them,  with  variable  propor- 
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tions  of  gelatin,  and  sometimes  with  phosphate  and  car- 
bonate of  lime.  These  earthy  salts  do  not  appear  to  be 
essential  to  the  constitution  of  cartilage,  and  when  present 
are  to  be  regarded,  as  Mr  Hatchet  has  supposed,  as  ex- 
traneous or  foreign  to  the  composition  *. 

The  chemical  nature  of  Horn  is  similar  to  that  of  car- 
tilage ;  and,  with  regard  to  physical  qualities,  it  differs 
from  it  in  little  except  in  its  greater  degree  of  induration. 
It  is  hard,  so  as  not  to  be  easily  bent,  unless  when  artifi- 
cially softened,  but  it  can  be  easily  pared  or  cut ;  its  tex- 
ture is  close  and  smooth,  and  it  is  more  or  less  transparent, 
according  to  its  thickness.  When  heated,  horn  is  soften- 
ed, and  is  then  capable  of  being  moulded  into  any  form. 

Shavings  and  pieces  of  the  horns  of  different  animals, 
when  boiled  a  long  time  in  water,  were  found  by  Mr 
Hatchet  to  afford  small  quantities  of  gelatin,  discovered 
by  being  precipitated  by  the  tanning  principle,  and  by  ni- 
tro-muriate  of  tin :  the  most  flexible  horns  yielded  the 
largest  quantity  of  gelatin,  and  most  easily  and  when 
deprived  of  it,  and  allowed  to  dry  spontaneously,  they 
became  more  rigid  and  more  easily  broken  :  this  residual 
matter  Mr  Hatchet  regards  as  indurated  albumen.  He 
found  farther,  that  t^ey  yield  a  quantity  of  phosphate  of 
lime,  so  small  that  it  can  scarcely  be  regarded  as  an  es- 
sential ingredient.  Thus,  500  grains  of  the  horn  of  the 
ox,  afforded,  after  a  long  continued  heat,  only  1.50  grains 
of  residuum,  and  of  this,  less  than  half  proved  to  be  phos- 
phate of  lime  f . 

These  observations  apply  to  the  horns  of  the  ox,  ram, 


*  Philosophical  Transactions,  1799. 
t  Ibid.  1799,  1800. 
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goat,  and  chamois :  it  is  singular,  that  the  stag's  or  buck's 
horn  is  of  a  very  different  nature,  as  is  evident  from  the 
products  it  has  been  long  known  to  afford,  when  decom- 
posed by  heat,  which  are  analogous  to  those  of  bone.  Mr 
Hatchet  has  accordingly  remarked,  that  like  bone  it  af- 
fords much  phosphate  of  lime  and  gelatin. 

Hoof  appears  to  be  not  only  of  a  mechanical  structure, 
but  likewise  of  a  chemical  composition  similar  to  horn  ; 
the  shavings  of  ox's  hoof,  when  long  digested  in  water, 
affording,  as  Mr  Hatchet  found,  a  liquor  which  was  only 
made  slightly  turbid  by  nitro-muriate  of  tin. 

The  matter  of  the  Nail  is  in  like  manner  softened  by 
digesting  in  boiling  water  for  several  days,  and  affords  a 
slight  cloud  on  the  addition  of  nitro-muriate  of  tin. 

Similar  results,  too,  were  afforded,  in  Mr  Hatchet's  ex- 
periments, by  the  horny  scales  of  serpents  and  lizards,  as 
well  as  of  certain  insects,  and  by  tortoise  shell ;  and  there 
can  be  little  doubt  that  these  are  of  the  same  chemical 
composition  as  horn. 

Feather  and  Quill,  chemically  considered,  appear  to 
be  similar  to  these,  and  to  have  the  same  basis  of  indura- 
ted albumen.  Digested  in  boiling  distilled  water  for  ten 
or  twelve  days,  they  did  not  afford  any  trace  of  gelatin  by 
the  test  of  the  tanning  principle,  but  nitro-muriate  of  tin 
produced  a  faint  white  cloud. 

Even  Hair,  though  apparently  very  remote  from  some 
of  these  substances  in  mechanical  structure,  appears,  at 
least  with  regard  to  its  basis,  to  be  the  same  or  nearly  so, 
in  chemical  composition.  Mr  Hatchet  found,  that  when 
it  was  long  digested  or  boiled  with  distilled  water,  it,  like 
rhero,  imparted  to  the  water  a  small  portion  of  gelatin, 
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which  was  precipitated  by  tannin,  and  by  nitre-muriate  of 
tin  ;  and  when  the  hair  had  been  thus  deprived  of  gelatin, 
and  was  subsequently  dried  in  the  air,  the  original  flexibi- 
lity and  elasticity  of  it  was  much  diminished  •,  it  was  also 
little  liable  to  farther  spontaneous  change,  and  had  all  the 
characters  of  the  matter  which  Mr  Hatchet  regards  as  in- 
durated albumen.  Vauquelin  has  more  lately  submitted 
it  to  a  more  minute  examination.  He  found,  that  though 
insoluble  in  water  boiling  under  a  common  pressure,  it 
may  be  dissolved  in  Papin's  digester,  where  the  tempera- 
ture is  higher  from  the  pressure  being  increased, —a  fact 
indeed  before  observed  by  Achard.  If  the  temperature 
was  raised  high  in  this  instrument,  the  hair  even  suffered 
decomposition,  carbonate  of  ammonia,  empyreumatic  oil, 
and  sulphuretted  hydrogen  being  evolved.  When  the  so- 
lution of  hair  is  thus  effected  at  a  high  temperature,  an 
oily  matter  is  always  evolved  ;  the  solution  freed  of  this, 
gives  copious  precipitates  with  infusion  of  galls  and  with 
oxymuriatic  acid.  It  is  also  rendered  turbid  by  the  other 
acids,  but  an  excess  of  acidity  restores  its  transparency.  It 
does  not  gelatinize,  even  when  much  concentrated  by  eva- 
poration. A  dilute  solution  of  potassa,  he  found,  dis- 
solves it,  hydro-sulphuret  of  ammonia  being  at  the  same 
time  evolved,  while  a  little  oil,  sulphur,  and  iron,  remain 
undissolved  :  this  alkaline  compound,  according  to  Chap- 
tal,  is  a  soap.  The  acids  too,  gradually  dissolve  and  de- 
compose it,  nearly  with  the  same  results  as  are  given  by 
analogous  animal  substances.  Alkohol  digested  on  hair, 
extracts  a  portion  of  oil,  or  rather  two  oily  fluids  differing 
in  their  colours,  and  differing  according  to  the  colour  of 
the  hair  itself.    From  black  hair,  there  first  separates,  as 
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the  alkohol  cools,  an  oily  matter  in  white  scales  *,  and  af- 
terwards, on  evaporating  the  oil,  a  concrete  dark  colour- 
ed oil :  from  red  hair  there  are  obtained,  in  a  similar  man- 
ner, first  a  white,  and  afterwards  a  red  oil :  the  colour  of 
the  hair  seems  to  reside  in  this  oily  matter,  and  also,  as 
Vauquelin  supposes,  in  the  darker  coloured  hair,  on  sulphu- 
retted iron  :  this  colour  is  destroyed  by  oxymuriatic  acid 
gas.  He  found  hair,  on  incineration,  to  alFord  phosphate, 
sulphate,  and  carbonate  of  lime,  muriate  of  soda,  silex, 
magnesia,  and  oxides  of  iron  and  manganese,  the  whole 
amounting  to  a  very  small  proportion  of  the  hair,  and  vary- 
ing in  hair  of  different  colours  *. 

The  structure  of  hair  appears  perfectly  close,  and  its 
external  surface,  even  when  viewed  with  the  microscope, 
smooth.  Yet,  as  Monge  has  observed,  it  is  certain  that 
the  surface  is  not  equally  smooth  when  rubbed  in  differ- 
ent longitudinal  directions,  but  is  composed  either  of  scales 
like  those  of  fish,  or  imbricated  zones  like  the  horns  of 
animals  ;  hence  its  tendency  to  be  entangled  :  and  on  the 
same  property  is  founded  the  art  of  felting  hair,  subser- 
.vient  to  that  of  hat  making.  The;  details  of  this  art  are 
very  well  stated  and  explained  by  Chaussier  f,  and  in  a 
memoir  by  Mr  Nicholson  to  which  some  facts  have  been 
added  by  an  anonymous  correspondent  §. 

Wool  is  to  be  regarded  as  a  finer  kind  of  hair.  It  has 
not  been  examined  with  much  minuteness,  but  it  possesses 
one  characteristic  property  of  what  Mr  Hatchet  regards 
as  indurated  albumen,  and  as  the  basis  of  all  these  sub- 
stances, that  of  forming  a  soap  with  alkalis.    It  has  this 

*  Nicholson's  Journal,  vol.  xv.  p,  141. 

j  Ibid,  ito,  vol.  i.  p.  399. 

t  Ibid.  vol.  iii.  p.  23.  §  Ibid.  p.  73. 
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even  in  so  high  a  degree,  that  some  years  ago  it  was  pro- 
posed by  Chaptal  to  be  employed  as  a  substitute  for  oil 
or  fat  in  the  manufacture  of  soap  ;  woollen  rags  or  clip- 
pings of  wool  being  boiled  in  an  alkaline  ley  to  saturation : 
the  product  is  a  soft  soap  of  a  grey  colour,  soluble  in  wa- 
ter, and  possessed  of  sulFicient  detersive  power  *.  It  has 
not  been  established  in  use,  partly  as  it  gives  a  grey  colour 
to  the  thread  or  cloth  which  is  difficult  to  remove,  and 
hence  could  not  be  applied  to  linen,  and  partly  from  its 
disagreeable  smell,  which  is  only  imperfectly  removed  by 
long  exposure  to  the  air.  It  is  not  improbable,  however, 
that  it  may  be  used  with  advantage  in  cleansing  wool  pre- 
vious to  dyeing  ;  and  from  the  observations  of  Chaptal,  it 
is  probable  even  that  it  may  act  as  a  mordant. 

From  the  experiments  of  Berthollet  it  appears,  that  wool 
acted  on  by  nitric  Jicid  affords  oxalic  acid  and  a  fatty  mat- 
ter ;  the  same  products,  with  a  less  proportion  of  the  for- 
mer, being  afforded  by  hair.  He  found  too,  that  wool  is 
dissolved  both  by  sulphuric  and  muriatic  acids,  ammonia 
being  formed,  and  charcoal  deposited. 

With  the  substances,  the  chemical  history  of  which  has 
now  been  given,  may  lastly  be  associated  Silk,  as  con- 
nected with  them  in  properties  and  chemical  relations. 
The  fibres  of  silk  are  spun  by  the  caterpillar  of  a  species 
of  phalena,  the  Phalena  bombyx,  a  native  of  China  ;  the 
silk  worms,  however,  have  been  naturalized  in  a  number 
of  countries.  The  silk  is  inclosed  in  two  small  bags,  in 
very  fine  fibres  of  different  shades  of  colour,  from  a  white 
to  a  more  or  less  faint  yellow  or  red,  shining  from  a  var- 
nish with  which  it  is  naturally  covered,  and  from  which 


*  Nicholson's  Journal,  ^to,  vol.  i.  p.  40. 
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it  derives  stifFness,  and  elasticity :  this  varnish  is  soluble 
in  water,  but  not  in  alkohol;  and  its  watery  solution  gives 
a  precipitate  with  tannin,  and  with  several  metallic  salts. 
The  colouring  matter  appears  also  not  to  be  essential  to 
silk  ;  it  is  soluble  in  alkohol,  and  approaches  In  its  proper- 
ties to  a  resin.  To  adapt  it  to  use,  silk  is  freed  from  these 
substances,  principally  by  the  action  of  weak  alkaline  leys, 
soap,  alkohol,  and  diluted  acids,  and  especially  the  muria- 
tic acid  diluted  with  alkohol  according  to  the  process  for 
bleaching  silk,  discovered  by  Beaume  *. 

Silk  is  not  soluble  in  water,  even  at  a  boiling  heat :  it 
is  equally  insoluble  in  alkohol.  The  alkaline  leys  dissolve 
and  decompose  it,  ammonia  being  evolved.  The  acids 
erode  and  dissolve  it.  Nitric  acid  renders  it  yellow,  dis- 
engages nitrogen  gas,  forms  prussic  acid,  and,  according 
to  Berthollet,  oxalic  acid,  with  a  portion  of  fatty  matter. 
This  action  was  examined  by  Welter  f ,  and  he  discover- 
ed, that,  by  the  repeated  distillation  of  nitric  acid  from 
silk,  a  peculiar  matter,  which  he  nameil  Bitter  Principle, 
was  formed  :  it  is  of  a  golden  yellow  colour,  soluble  in 
water  and  in  alkohol,  capable  of  crystallizing  on  cooling, 
inflammable,  and  having  a  very  bitter  taste,  and  which  ap- 
pears to  be  the  same  substance  as  the  yellow  bitter  acid 
more  lately  described  by  Vauquelin,  and  already  noticed, 
as  formed  by  the  action  of  nitric  acid  on  the  muscular 
fibre. 

Silk  is  decomposed  by  heat,  and  affords  the  usual  pro- 
ducts of  animal  matter.  The  proportion  of  carbonate  of 
ammonia  is  very  large. 


*  Nicholson's  Journal,  4to,  vol.  i.  p.  32. 
f  Annales  dc  Chimie,  torn,  xxix.  p.  301. 


6^6 


OF  SILK-. 


The  silk-worm  forms  an  acid  liquor,  which  was  imper- 
fectly examined  by  Chaussier.  On  the  supposition  that 
it  was  a  particular  acid,  it  received  in  the  new  nomencla- 
ture the  name  of  Bombic  Acid ;  but  there  is  much  reason 
to  suppose,  that  it  and  some  other  acids  formed  by  insects, 
as  that  by  the  ant,  which  has  been  named  Formic  Acid, 
are  acetic  acid  slightly  disguised. 


SECT.  XV. 

or  BOKE  AND  SHELL. 

The  substances  to  be  described  under  this  section  are 
distinguished  by  the  large  quantity  of  earthy  matter  which 
enters  into  their  composition,  and  communicates  to  them 
solidity,  hardness,  and  other  characters  j  phosphate  of  lime 
being  predominant  in  bone,  carbonate  of  lime  in  shell, 
though  each  frequently  contains  also  portions  of  both  these 
salts,  and  sometimes  phosphate  of  magnesia. 

Bone,  which  composes  the  most  solid  and  hard  part  of  . 
the  animal  frame,  giving  figure  to  the  whole,  and  serving 
as  the  support  of  motion,  and  the  covering  with  which 
many  of  the  organs  are  protected,  presents  some  varieties 
of  structure,  and  still  greater  diversities  of  form.  In  ge- 
neral, the  bones  appear  to  be  composed  of  laminae  in  more 
or  less  perfect  adhesion.  Flat  bones  are  dense  towards 
the  surface,  while,  in  the  middle  or  inner  part,  the  lami- 
nae separate,  and  the  texture  Is  spongy.  In  the  long  cy- 
lindrical bones,  the  external  surface  is  dense  ;  but  towards 
the  inner  part  the  density  is  diminished,  a  spongy  or  ca- 
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vernoas  structure  is  apparent,  and  there  is  a  cavity,  in 
which  a  matter  of  a  fatty  nature,  the  marrow,  is  con- 
tained ;  and  a  portion  of  this  appears  even  to  be  difFused 
through  the  more  dense  part  of  the  bone.  Externally, 
the  bones  are  covered  by  a  membrane,  the  Periosteum, 
and  they  are  penetrated  by  blood-vessels,  absorbents,  and 
nerves. 

Bone  admits  of  a  simple  analysis,  by  which  its  imme- 
diate principles  are  discovered.  When  boiled  in  watei.- 
the  decoction  is  found  to  contain  a  considerable  portion 
of  gelatin,  and,  if  the  boiling  has  been  long  continued,  con- 
cretes into  a  jelly  on  cooling.  If  the  bones  be  previously 
rasped,  the  quantity  of  gelatin  obtained  is  much  larger ; 
and  in  this  way,  as  Proust  has  shewn,  bones  may  be  eco- 
nomically used  to  prepare  a  nutritious  article  of  diet  *. 

If  a  piece  of  bone  be  digested  in  dilute  muriatic  or  ni- 
tric acid,  the  gelatin  and  the  earthy  matter  are  dissolved, 
and  there  remains  at  length  a  firm  cartilaginous  substance, 
presenting  the  figure  of  the  bone.  By  this  experiment, 
then,  cartilage  is  proved  to  be  a  constituent  of  bone. 

If  bones  be  calcined  in  an  open  fire,  the  animal  matter 
they  contain  is  decomposed  and  burnt  out;  they  lose  their 
charred  appearance,  and  are  at  length  converted  into  a 
white  earthy-like  substance,  retaining  the  figure  and  even 
the  structure  of  the  bone.  This  is  what  the  chemists 
formerly  considered  as  the  earth  of  bones,  and  of  the  na- 
ture of  which  they  were,  ignorant.  Gahn  and  Scheele 
discovered  it  to  be  phosphate  of  lime.  It  is  likewise  se- 
parated during  the  decoction  of  bone  in  water,  especially 
when  the  boiling  has  been  performed  under  increased 


*  Nicholson's  Journal,  8vo,  vol.  i.  p.  100. 
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pressure,  by  which  the  temperature  is  more  elevated,  the 
cartilage  softened,  and  the  gelatin  completely  dissolved:  it 
is  also  dissolved  by  the  action  of  an  acid  on  bone. 

During  the  boiling  of  bones  in  water,  a  portion  of  fatty 
matter  collects  on  the  surface.  This  may  be  derived  from 
the  marrow  diflused  through  the  bone,  and  can  scarcely 
be  considered  as  essential  to  the  bony  matter. 

By  these  experiments,  then,  bone  is  proved  to  consist, 
independent  of  this  unctuous  matter,  of  gelatin,  cartilage, 
and  phosphate  of  lime.  Some  other  principles  appear  to 
be  present  in  smaller  quantity.  Carbonate  and  sulphate 
of  lime  are  found  in  burnt  bones  ;  a  little  carbonate  exists 
in  the  recent  bone  ;  but  the  greater  part  of  it  found  in  the 
burnt  bone,  as  well  as  the  sulphate,  appear  to  be  products 
of  the  combustion,  while  the  phosphate  of  lime  is  evident- 
ly an  essential  ingredient.  In  the  bones  of  the  ox,  horse, 
sheep,  and  of  birds,  phosphate  of  magnesia  has  been  dis- 
covered by  Fourcroy  and  Vauquelin,  while  they  could 
discover  no  trace  of  it  in  human  bones;  a  singularity  which, 
they  observe,  is  probably  connected  with  the  fact,  that 
phosphate  of  magnesia  is  contained  in  the  urine  of  man, 
but  not  in  that  of  other  animals  ;  that,  therefore,  this 
earth  is  discharged  from  the  human  system  by  this  excre- 
tion, instead  of  being  deposited  in  the  bones.  Berzellus 
has  however  discovered  a  portion  of  it  in  human  bone  ; 
and  he  has  farther  detected  a  portion  of  fluate  of  lime  in 
bones. 

The  proportions  of  these  principles  must  differ  in  bones 
in  different  states  ;  in  the  bones  of  young  animals,  the  ge- 
latin and  cartilage  are  in  larger  proportion  than  in  more 
advanced  age.  The  quantity  of  gelatin  extracted  by  boil- 
ing in  water  is  from  25  to  50  from  100  parts,  and  there- 
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mainder  Is  principally  phosphate  of  lime.  The  phosphate 
of  magnesia  is  always  in  very  small  quantity,  not  exceed- 
ing two  in  100  parts;  and  the  fluate  of  lime,  according  to 
the  experiments  of  Berzelius,  is  in  not  much  larger  pro- 
portion *.  Ox-bone,  according  to  an  analysis  given  by 
Fourcroy  and  Vauquelin,  consists  of  gelatin  51,  phosphate 
of  lime  37.7,  carbonate  of  lime  10,  phosphate  of  mag- 
nesia 1.3  f.  Fish  bones,  according  to  Mr  Hatchet,  con- 
tain more  cartilaginous  matter  relative  to  the  phosphate 
of  lime  than  the  bones  of  quadrupeds. 

Berzelius  has  given  the  following  table  of  the  compo- 
sition of  bone,  and  the  enamel  of  teeth. 


Dried 

l^uman 
Bones, 

Enamel  of 

Human 

Teeth, 

Boues  of 
Oxen. 

Enamel 
of  Oxen 
Teeth. 

Cartilage 
Blood-vessels 

32.17 
1.13 

•  33.30 

3.56 

Fluate  of  lime 

2.00 

3.2 

9.30 

4.0O 

Phosphate  of  lime  - 

51.04. 

85.3 

55.85 

81.00 

Carbonate  of  lime  - 

11.30 

8.0 

3.85 

7.10 

Phosphate  of  magnesia  1.16 

Soda,  muriate  of  soda,  ?  j  20 
water,  &c.  5 

1.5 

2.0 

2.05 
2.45 

3.00 
1.31. 

100 

100 

100 

100 

The  following  table  has  been  given  by  Merat-Guillot, 
of  the  composition  of  the  bones  of  different  animals,  and 
some  similar  substances,  the  proportions  being  referred  to 
]  00  parts  %. 

*  Philosophical  Magazine,  vol.  xxviii.  p,  306. 
j-  Nicholson's  Journal,  vol.  viii.  p.  HI. 
J  Annales  de  Chimie,  torn,  xxxiv.  p.  71. 
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Proportion 
of  Gelatin, 

Proportion 
of  Phosphate 
of  Lime. 


proportion  of 
Carbonate  of 
Lime, 

Loss, 

Human  bones  from  a 



burying-grouna. 

o  < 

1  c 
l.O 

lo.o 

Dry  human  bones, 

which  had  not  re- 

mained in  the  earth 

Zo 

03 

Bone  of  the  ox 

3 

93 

2 

2 

 of  the  calf 

25 

54. 

21 

 of  the  horse 

9 

67.5 

1.25 

22.2.5 

Teeth  of  the  horse 

12 

85.5 

0.25 

2.25 

 of  the  elephant 

or  ivory 

24 

64 

0.1 

11.15 

Bone  of  the  sheep 

16 

70 

0.5 

13.5 

 of  the  elk 

15 

90 

1 

7.5 

 of  the  hart 

27 

.  57.5 

1 

14.5 

 of  the  hog 

17 

52 

1 

30 

 of  the  hare 

9 

85 

1 

5 

 of  the  chicken 

6 

72 

1.5 

20.5 

Egg  shells 

3 

2 

72 

23 

Bone  of  the  pike 

12 

6t 

1 

23 

 of  the  carp 

6 

45 

0.5 

48.5 

 qf  the  viper 

21.5 

60.5 

1  0.5 

17.5 

— —  of  the  lobster 

18 

14 

40 

28 

Mother  of  pearl 

2.5 

0 

66 

31.5 

Crab  stones 

2 

12 

60 

26 

White  coral 

1.5 

0 

50 

48.5 

Red  coral 

0.5 

0 

53.5 

46 

Articulated  coral 

7.5 

0 

49 

43.5 

Cuttle  fish  scale 

8 

0 

68 

24 
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From  the  composition  of  bones  may  be  better  under- 
stood the  changes  they  suffer  from  heat,  or  from  the  oper- 
ation of  re-agents. 

When  exposed  to  heat  in  close  vessels,  a  very  large 
quantity  of  carbonate  of  ammonia,  with  a  portion  of  foe- 
tid oil,  are  obtained  from  the  decomposition  of  the  gela- 
tin; and  this  process  is  even  followed  on  a  large  scale,  to 
procure  ammonia.  The  water  which  distils  over,  contains 
also,  according  to  Fourcroy,  a  little  prussic  and  sebaclc 
acids  saturated  with  ammonia  •,  and  carbonic  acid,  carbu- 
retted  and  sulphuretted  hydrogen  gases  are  disengaged 
during  the  distillation.  When  heated  in  an  open  fire, 
the  oil  of  the  bone  is  melted,  appears  on  the  surface, 
and  burns  with  a  foetid  odour ;  the  products  of  the  de- 
composition of  the  gelatin  and  cartilage  being  also  disen- 
gaged. The  bone  retains  still  its  figure ;  is  charred ;  but 
by  continuing  the  application  of  heat,  it  may  be  burnt  per- 
fectly white,  or  there  remains  merely  the  earthy  salts  of 
the  bone.  This  forms  a  porous  mass,  which  cannot  be 
vitrified  but  by  a  very  intense  heat. 

The  analysis  of  burnt  bones  is  effected  by  the  agency 
of  the  acids.  When  the  acid  is  added  to  the  burnt  bone 
in  powder,  a  lively  effervescence  is  excited,  from  the  dis- 
engagement of  the  carbonic  acid  of  the  carbonate  of  lime  j 
the  gas  has,  at  the  same  time,  a  pungent  smell,  which  has 
been  ascribed  to  the  presence  of  prussic  acid,  but  may  be 
owing  to  fluoric.  If  sulphuric  acid  has  been  employed  in 
the  decomposition,  a  large  quantity  of  sulphate  of  lime  is 
formed,  and  a  super-phosphate  of  lime  is  produced,  solu- 
ble in  water,  and  thereforecarriedoff  by  washing,-— a  pro- 
cess which,  as  has  been  already  remarked,  is  followed  to 
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procure  that  acid  for  the  preparation  of  phosphorus.  If, 
instead  of  sulphuric,  nitric  acid  be  employed  in  the  ana- 
lysis, the  constituent  parts  of  the  burnt  bone  are  better 
discovered.  It  is  entirely  dissolved  ;  the  carbonic  acid  of 
the  carbonate  of  lime  contained  in  the  burnt  bone  is  dis- 
ongliged  during  the  solution,  and  may  be  collected  :  the 
phosphate  of  lime  may  be  precipitated  by  the  addition  of 
pure  ammonia  :  by  adding  to  the  residual  liquor  nitrate  of 
barytes,  sulphuric  acid  is  detected  ;  and  from  the  quanti- 
ty of  precipitate,  the  proportion  of  sulphate  of  lime,  from 
the  decomposition  of  which  it  had  originated,  may  be  in- 
ferred. To  discover  the  quantity  of  lime  which  had  been 
combii>ed  with  the  carbonic  acid  disengaged  during  the 
solution,  Mr  Hatchet  added  carbonate  of  ammonia,  and 
obtained  a  precipitate  of  carbonate  of  lime,^ — a  method  not 
altogether  unexceptionable,  since  the  precipitate  might  in 
part  arise  in  consequence  of  the  operation  of  a  complex 
affinity  from  the  sulphate  of  lime  in  solution  ;  or,  where 
this  had  been  decomposed  by  a  previous  addition  of  nitrate 
of  barytes,  from  the  nitrate  of  lime  which  must  thus  have 
remained  in  the  Uquor.  The  quantity  produced,  however, 
Mr -Hatchet  observes,  was  much  greater  than  the  quanti- 
ty of  sulphuric  acid,  indicated  by  the  precipitation  by  ba- 
rytes, could  have  saturated  ;  and  hence,  as  well  as  from 
the  disengagement  of  carbonic  acid  during  the  solution, 
the  existence  of  carbonate  of  lime  in  the  burnt  bone  is  de- 
monstrated. The  phosphate  of  magnesia,  which  Fourcroy 
and  Vauquelln  discovered  in  the  burnt  bones  of  the  infe- 
rior animals,  was  detected  by  precipitating  the  liquor  ob- 
tained by  washing  the  mixture  of  burnt  bones  and  sulphu- 
ric acid,  which  had  stood  for  some  days,  by  ammonia. 
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a-dding  the  ammonia  in  excess.  The  precipitate  consists 
of  phosphate  of  linve  and  phosphate  of  magnesia  and  am- 
monia :  to  separate  these,  it  was  boiled  in  a  solution  of 
potassa,  which  disengages  the  ammonia,  and  attracts  the 
acid  of  the  magnesian-ammoniacal  phosphate,  leaving  the 
magnesia  mixed  with  the  phosphate  of  lime.  These  are 
separated  by  boiling  them  in  acetous  acid,  which  dissolves 
the  former,  leaving  the  latter  undissolved  :  from  the  solu- 
tion of  acetate  of  magnesia,  the  magnesia  may  be  preci- 
pitated by  carbpnate  of  soda  ;  and  the  carbonate  of  mag- 
nesia, if  free  from  lime,  will  form  a  transparent  solution 
with  sulphuric  acid  *.  The  <juantity  of  phosphate  of  mag- 
nesia amounts  to  about  a  fortieth  part  of  the  calcined  bone. 
The  sulphate  and  carbonate  of  lime,  indicated  by  the 
analysis  in  calcined  bone,  or  at  least  the  greater  part  of 
them,  may  be  products  of  the  calcination,  and  not  consti- 
tuent parts  of  the  bone.  In  the  bony  matter,  there  pro- 
bably exists  more  lime  than  the  phosphoric  acid  can  sa- 
turate :  carbonic  and  sulphuric  acids  will  be  formed  du- 
ring the  calcination  of  the  bone,  from  the  decomposition 
of  the  animal  matter,  of  which  the  bases  of  these  acids  are 
elements ;  and  these  acids  will  be  attracted  by  the  excess 
of  lime.  A  portion  of  carbonate  of  lime  is  indeed  indi- 
cated in  recent  bone  by  Mr  Hatchet's  experiments,  a  slight 
effervescence  attending  its  solution  in  an  acid ;  but  the 
quantity  appear*  to  be  inconsiderable,  and  by  Merat-GuiU 
Ict  it  is  stated,  in  the  bones  of  land  animals,  to  amount  to 
not  more  than  1.5  in  100  parts  f. 


*  Nicholson's  Journal,  vol.  viii.  p.  86. 
f  Annales  de  Chimie,  torn,  xxxiv.  p.  71. 
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The  entire  quantity  of  lime  and  of  phosphoric  acid  con- . 
tained  in  bones,  may  probably  be  best  determined  by  the 
method  pointed  out  by  Fourcroy  and  Vauquelin, — preci- 
pitation of  the  lime  by  oxalic  acid  from  the  solution  of 
the  calcined  bone  in  diluted  nitric  acid.  The  liquid  may 
be]  evaporated,  and  by  a  strong  heat  the  nitric  acid  ex- 
pelled, leaving  the  concrete  phosphoric  acid  j  or  the  phos- 
phoric acid  may  be  precipitated  by  acetate  of  lead. 

The  acids,  as  has  already  been  remarked,  act  on  recent 
bone,  dissolve  its  earthy  matter  and  its  gelatin,  leaving  the 
cartilaginous  part  undissolved  ;  and  from  this  solution 
phosphate  of  lime  may  be  precipitated  by  an  alkali,— a 
proof  of  its  previous  existence  In  the  bone. 

The  alkalis  have  little  effect  on  the  earthy  matter  of 
bone,  but  they  dissolve  the  gelatinous  and  oily  matter. 

The  earthy  substance  of  bones,  it  has  been  already  re- 
marked, has  an  attraction  to  some  kinds  of  col«uring  mat- 
ter ;  hence  the  bones  of  a  living  animal  can  be  tinged  by 
colouring  substances  mixed  with  the  food. 

Bones  are  not  much  liable  to  spontaneous  decomposi- 
tion J  even  the  animal  matter  they  contain  suffers  little 
change  for  a  long  period  the  re-action  of  its  elements,  as 
well  as  the  action  of  air  and  humidity,  being  prevented 
by  the  solidity  communicated  by  the  phosphate  of  lime. 

Fossil  bones,  or  those  which  have  been  long  buried  in 
the  earth,  and  have  in  consequence  undergone  some 
changes,  particularly  from  the  infiltration  of  carbonate  of 
lime,  were  examined  by  Mr  Hatchet.  The  animal  mat- 
ter appeared  to  have  been  completely  removed  ;  and  the 
phosphate  of  lime  remained  intermixed  with  the  carbon- 
ate of  lime  which  had  been  introduced  ;  the  latter  sub- 
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Stance,  by  its  chemical  agency,  probably  having  contribu- 
ted to  the  decomposition  of  the  animal  matter.  Vauque- 
lin,  in  examining  fossil  bone  or  ivory,  found  in  difFerent 
specimens,  difFerent  quantities  of  animal  matter  reniain- 
ing,  some  losing  'iS  per  cent,  by  calcination,  others  not 
more  than  15*. 

The  body  of  the  teeth  of  animals  h  evidently  bone, 
and  it  presents  the  same  chemical  results.  It  dissolves,  Mr 
Hatchet  remarks,  with  a  feeble  etTervescence  in  dilute  ni- 
tric acid,  leaving  its  cartilaginous  basis  retaining  the  shape 
of  the  tooth.  But  the  external  covering,  or  Enamel,  is 
difFerent.  Mr  Hunter  remarked,  that  when  immersed  in 
an  acid,  it  left  no  cartilaginous  part, — an  observation  con- 
firmed by  Mr  Hatchet,  who  likewise  found,  th^t  when 
exposed  to  heat,  it  emitted  little  or  no  smoke  or  empyreu- 
matic  odour.  Josse,  in  his  examination  of  the  teeth,  ob- 
tained the  same  results,  and,  when  boiled  in  water,  the 
decoction  gave  so  slight  a  precipitate  with  tannin,  as 
scarcely  to  indicate  the  presence  of  gelatin  ;  neither  was  it 
softened  by  boiling  in  water  under  increased  pressure  f. 
It  appears,  therefore,  to  be  nearly  destitute  of  animal  mat- 
ter. It  dissolves  readily  in  acids,  with  a  slight  efferves- 
cence, as  Dr  Blake  remarked,  and  Josse  has  confirmed, 
and  appears  therefore  to  consist  of  phosphate,  with  car- 
bonate of  lime. 

The  presence  of  fluoric  acid  combined  with  lime  in  the 
enamel  of  teeth  was  announced  by  Morichini,  an  Italian 
chemist.    He  first  observed  it  in  the  enamel  or  outer  lay- 


*  Pliilosophical  Magazine,  vol.  xxv.  p.  265. 
+  Nicholson's  Journal,  8vo,  vol.  v.  p.  38. 
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cr  of  the  fossil  teeth  of  the  elephant,  which  he  found  to 
be  composed  almost  entirely  of  fluate  of  lime,  while  the 
body  of  the  teeth  was  composed  of  phosphate.  And  on 
afterwards  submitting  the  enamel  of  human  teeth  to  the 
same  trials,  he  found,  that  it  too  contained  a  large  pro- 
portion of  fluate,  vapours  of  fluoric  acid  being  exhaled 
when  the  enamel  was  acted  on  by  sulphuric  acid.  Gay 
Lussac  so  far  confirmed  this  discovery,  as  to  prove  the 
existence  of  fluate  of  lime  in  ivory,  copious  vapours  of  flu- 
oric acid  being  exhaled  from  it  when  concentrated  sulphu- 
ric acid  was  poured  upon  it  *.  And  with  this  the  expe- 
riments of  Fourcroy  and  Vauquelin  agree,  fluate  of  lime 
appearing  to  exist  in  small  quantity  m  fossil  ivory,  espe- 
cially in  that  state  in  which  the  animal  matter  had  been 
most  completely  removed  f.  These  chemists  have  been 
unable,  hov/ever,  to  discover  fluoric  acid  in  new  ivory  or- 
,in  the  enamel ;  and  Mr  Brande  likewise  found,  that  when 
enamel  is  subjected  to  the  action  of  sulphuric  acid  aided 
by  heat,  no  vapours  but  those  of  sulphurous  or  sulphuric 
acid  are  Cjxhaled  J.  Its  existence,  however,  in  the  enamel 
of  human  teeth  and  oxen  teeth,  as  well  as  in  the  bones  of 
animals,  has  been  confirmed  by  Berzelius.  ^ 

The  Shells  with  which  the  bodies  of  many  marine, 
and  also  a  number  of  land  animals  are  covered,  are  ob- 
viously analogous  in  their  structure  to  bone.  It  was 
therefore  interesting  to  determine,  how  far  shell  is  similar 


*  Philosophical  Magazine,  vol.  xxiii.  p.  264-. 

f  Ibid.  vol.  XXV.  p.  265. 

i  Nicholson's  Journal,  vol.  xiii.  p.  214'. 
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to  bone  in  Its  chemical  composition.  The  general  differ- 
ence between  them  was  known  ;  for,  while  phosphate  of 
lime  is  the  basis  of  the  one,  it  was  known,  that  carbonate 
of  lime  exists  in  much  larger  quantity  in  the  other.  Mr 
Hatchet  undertook  the  examination  of  this  subject,  and, 
as  the  result  of  it,  established,  that  shell  and  bone,  in  their 
different  varieties,  constitute  as  it  were  two  genera,  in 
both  of  which  animal  matter  is  contained,  but  in  the  one 
this  is  indurated  by  phosphate,  in  the  other  by  carbonate 
of  lime ;  and  these  are  connected  by  a  certain  order  of 
substances, — the  crustaceous  coverings  of  certain  marine 
animals,  and  likewise  some  of  the  species  of  zoophytes, 
in  which,  with  the  animal  matter,  are  Intermixed  variable 
proportions  both  of  carbonate  and  phosphate  of  lime. 

In  Mr  Hatchet's  experiments,  the  shell  submitted  to  ex- 
amination was  immersed  in  acetic  acid,  or  nitric  acid  di- 
luted with  4  or  6  parts  of  water.  The  carbonate  of  lime 
was  precipitated  by  carbonate  of  ammonia  or  potassa  j  and 
phosphate  of  lime  (if  present)  was  previously  precipitated 
by  pure  ammonia.  If  any  other  phosphate  was  suspect- 
ed,  it  was  discovered  by  acetate  of  lead. 

The  greater  number  of  marine  shells,  he  observes,  are 
of  two  descriptions,  either  of  a  porcellaneous  aspect,  with 
an  enamelled  surface  and  fibrous  texture,  or  they  are  com- 
posed of  the  substance  called  Nacre  or  Mother  of  Pearl. 
The  first  kind  dissolved  in  the  acids  with  strong  efferves- 
cence, and  their  solutions  afforded  no  trace  whatever  of 
phosphate  of  lime,  or  of  any  other  combination  of  phos- 
phoric «'jid.  They  contained  only  carbonate  of  Ume ; 
and  the  animal  matter  .which  acts  as  a  cement  to  this,  and 
which  Mr  Hatchet  considers  as  albumen  in  various  states 
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of  induration,  is  In  small  proportion  ;  hence,  when  the 
shells  are  exposed  to  heat,  they  exhale  little  empyreuma- 
tic  animal  odour ;  they  emit  no  smoke  :  and  when  dis- 
solved in  acids,  little  or  no  vestige  of  it  can  be  discovered 
by  any  flocculent  or  gelatinous  residuum. 

In  shells  of  the  other  description  approaching  to  nacre, 
the  earthy  matter  is  also  carbonate  of  lime,  but  it  is  present 
in  much  smaller  proportion,  while  the  animal  matter  is  in 
large  quantity.  Hence  these  shells  give  much  smoke, 
and  a  strong  empyreumatic  odour,  when  exposed  to  heat  i 
and  when  acted  on  by  acids,  give  out  less  carbonic  acid, 
and  leave  a  large  quantity  of  a  membranaceous  or  cartila- 
ginous residuum,  retaining  often  the  figure  of  the  shell. 
This  substance  often  constitutes  a  large  part  of  the  shell, 
as  in  that  of  the  oyster  or  muscle,  and  is  so  much  indura- 
ted as  to  be  no  longer  gelatinous  ;  and  in  all  the  shells  of 
this  division,  it  appears  to  be  deposited  in  layers,  each  ha- 
ving a  corresponding  coat  of  carbonate  of  lime.  Mother 
of  pearl  itself,  and  likewise  pearls,  were  found  to  be  of 
similar  structure  and  composition.  Their  waved  appear- 
ance and  their  iridescence,  are  evidently  the  effects  of  this 
lamellated  arrangement,  and  of  the  nebulous  semi-trans- 
parency of  the  substances  composing  it. 

An  extensive  class, — the  zoophytes,  comprehending  the 
varieties  of  madrepore,  mlllepore,  tubipore,  were  found  to 
consist  of  carbonate  of  lime  with  animal  membrane. 

Mr  Hatchet  found,  that  the  substance  analogous  to 
shell,  which  covers  crustaceous  marine  animals,  as  the 
echini,  crab,  lobster,  &c.  is  of  different  compos  ♦on.  It 
had  indeed  the  same  cementing  animal  matter,  but  with 
this  were  united  both  carbonate  and  phosphate  of  lime. 
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forming  therefore  a  substance  intermediate  between  bone 
and  shell.  The  shells  of  the  eggs  of  birds  were  of  simi- 
lar composition ;  and  even  some  of  the  zoophytes,  as  va- 
rious species  of  isis,  gorgonia,  &c.  gave  indications  of 
phosphate  of  lime  being  intermixed  with  the  carbonate 
of  which  they  are  principally  composed. 


SECT.  XVI. 

OF  FAT,  SPERMACETI,  AND  SEBACIC  ACID. 

Fat  appears  to  be  a  secreted  matter,  as  no  traces  of  it 
can  be  discovered  in  the  blood.  As  it  exists  in  the  ani- 
mal body,  it  is  nearly  fluid,  and  is  retained  in  distinct  ini- 
nute  cells :  after  death  it  is  found  solid,  varying  in  solidi- 
ty in  different  animals.  To  procure  it  free  from  the  ani- 
mal fluids  and  cellular  fibre  mixed  with  it,  it  is  cut  and 
washed  in  water,  and  is  melted  with  a  gentle  heat,  a  littl? 
water  being  added,  to  prevent  it  from  being  scorched. 
Fat  thus  prepared,  is  named  Axunge  or  Lard  when  soft ; 
when  of  a  firmer  consistence  it  forms  Tallow,  and  from 
$ome  animals,  as  from  the  whale,  and  other  marine  ani- 
mals, it  is  obtained  fluid,  forming  animal  oil. 

Animal  fat  has  properties  nearly  the  same  as  those  of 
vegetable  expressed  oil.  It  is  insipid  and  inodorous,  in- 
soluble in  water  and  in  alkohol,  and  is  capable  of  being 
combined  with  the  alkalis,  so  as  to  form  soap.  It  is  in- 
flammable, and  cannot  be  volatilized  unchanged. 

Fat,  exposed  to  a  warm  atmosphere,  is  liable  to  become 
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rancid,  and  is  more  liable  to  this  than  the  vegetable  oils. 
This  rancidity  appears  to  be  owing  to  absorption  of  oxy- 
gen, and  consequent  formation  of  an  acid,  either  from  the  ^ 
oxygenizement  of  the  fat  itself,  or  of  the  gelatinous  mat- 
ter mixed  with  it.  This  acid  may  be  abstracted  by  wash- 
ing with  water  or  alkohol,  when  the  sweetness  of  the  fat 
is  in  some  measure  restored,  while  the  water  acquires  the 
power  of  reddening  the  vegetable  colours. 

Fat  melts  from  a  very  moderate  heat ;  lard  becomes 
fluid  at  92^  ;  tallow  and  the  firmer  fats  require  a  heat 
somewhat  higher.  By  coTitinuing  the  heat  or  raising  it 
above  the  melting  point,  it  suffers  decomposition;  pungent 
vapours  arise  from  it ;  and  when  it  is  allowed  to  cool,  it 
is  found  acrid  and  of  a  yellow  colour. 

A  similar  decomposition  is  effected,  by  distilling  fat  in 
close  vessels  :  an  acid  liquor  passes  over,  with  an  empy- 
reumatic  oily  matter,  partly  liquid  and  partly  concrete  ; 
an  elastic  fluid,  consisting  of  carburetted  hydrogen  and 
carbonic  acid,  is  disengaged,  and  the  residuum  is  mixed 
~^ith  charcoal  :  by  repeating  the  distillation  of  the  oily  ' 
matter,  a  new  formation  of  these  products  takes  place, 
until  tiie  whole  is  decomposed.  The  acid  produced  in 
this  distillation,  named  the  Sebacic,  has  been  considered 
?s  a  peculiar  one,  the  properties  of  which  are  to  be  im- 
mediately stated. 

From  the  products  of  this. decomposition,  fat,  like  ex- 
pressed oil,  appears  to  be  a  compound  of  carbon,  hydro- 
gen, and  oxygen.  Ammonia  is  usually  mingled  with  the 
products  in  small  quantity ;  but  if  the  fat  has  been  well 
washed,  it  does  not  appear. 

Fat  is  highly  inflammable,  and  in  burning  gives  much 
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light ;  hence  its  use  for  this  purpose  j  it  is  probable,  that 
by  the  high  temperature  in  the  wick  in  the  common  me- 
thod of  burning  it,  it  is  decomposed  and  converted  prin- 
cipally into  a  gas  of  the  nature  of  defiant  gas,  from  the 
combustion  of  which  the  light  originates.  The  products 
of  this  combustion,  are  water  and  carbonic  acid. 

Fat  is  acted  on  by  the  acids,  and  the  result  is  different 
according  to  the  acid  employed,  and  the  manner  in  which 
it  is  applied.  If  nitric  acid  be  added  in  small  quantity,  it 
is  supposed  to  be  entirely  decomposed,  its  oxygen  ab- 
stracted by  the  fat,  and  what  has  been  named  by  the 
French  chemists  Oxygenated  Fat  formed.  The  process 
they  have  given,  and  which  has  been  received  into  the 
Pharmacopoeia,  is  to  add  to  melted  lard  one-sixteenth  of 
nitric  acid,  stirring  them  thoroughly,  and  keeping  the 
mixture  fluid  for  some  time.  Nitric  oxide  and  nitrogen 
gases  are  evolved,  and  the  lard  becomes  granular  and  of 
a  firmer  consistence.  If  washed  with  water,  any  remain- 
ing nitric  acid  is  removed.  It  is  soluble  in  alkohol.  By 
distilling  nitric  acid  repeatedly  from'  fat,  Gren  obtained 
acetic  and  cucalic  acids.  Vogel  obtained  saccho-lactic  acid. 
Sulphuric  acid,  even  in  small  quantity,  chars  fat,  render- 
ing it  brown  or  black.  Muriatic  acid  exerts  no  action 
upon  it. 

Fat  combines  with  the  alkalis,  forming  saponaceous  com- 
pounds. 

Fat,  like  the  expressed  oils,  is  capable  of  combining 
with  sulphur  and  with  phosphorus,  when  their  mutual 
action  is  aided  by  a  moderate  heat.  It  unites  too  with  a 
number  of  the  metallic  oxides,  and  forms  with  tliem  com- 
pounds more  firm  than  the  fat  itself.  From  its  facility  of 
oxidizement  it  can  even  be  made  to  act  on  the  metals. 
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Thus,  if  copper  be  covered  with  grease,  and  left  exposed 
to  the  air,  its  surface  soon  becomes  quite  green;  and 
quicksilver  triturated  with  lard,  forms  an  ointment  of  a 
blue  colour,  which  becomes  deeper  on  keeping,  and  from 
which  at  length,  according  to  the  experiments  of  some 
chemists,  scarcely  any  metallic  quicksilver  can  be  obtain- 
ed ;  while,  according  to  Vogcl,  it  still  exists  in  it  with 
very  little  oxide  *. 

The  acid  formed  from  the  decomposition  of  fat  by  heat, 
it  was  observed  by  Bergman,  resembled,  in  the  saline  com- 
binations it  formed,  the  acetic ;  and  Gren  considered  it  as 
precisely  the  same  with  that  acid.  Still,  however,  it  pre- 
sented some  differences ;  it  continued  to  be  regarded  as  a 
peculiar  acid,  and  in  the  modern  nomenclature  was  nam- 
ed the  Sebacic.  Various  processes  were  given  for  prepar- 
ing it,  of  which  one  proposed  by  Guyton  affords  it  most 
easily,  and  has  been  generally  followed.  Fat  is  melted  in 
an  iron  pot  over  a  naked  fire  ;  quicklime  in  powder  Is  add- 
ed to  it,  stirring  It  continually,  and  increasing  the  heat. 
When  the  mixture  has  cooled,  on  boiling  it  in  water,  a 
brown  acrid  salt  is  obtained  by  evaporation  of  the  solution, 
which  was  considered  as  the  sebate  of  lime  by  exposing 
it  to  heat  in  a  crucible,  the  remaining  oily  matter,  to  which 
the  colour  is  owing,  is  decomposed,  and  the  salt  is  obtain- 
ed pure  and  white,  by  solution  and  crystallization.  If  sul- 
phuric acid  be  poured  on  it,  the  sebacic  acid  is  disengaged, 
and  being  volatile,  may  be  obtained  by  distillation.  The 
acid  is  formed  in  this  process,  by  the  decomposition  of  the 
fat  by  the  high  temperature,  and  is  prevented  from  being 


*  Nicholson's  Journal,  vol.  xviii.  p.  110. 
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dissipated  by  Its  combination  with  the  lime.  As  obtained 
by  distillation,  it  is  a  liquid  having  an  acrid  suffocating  o- 
dour,  exhaling  a  white  vapour  when  in  a  concentrated 
state,  and  having  somewhat  of  an  oily  appearance.  It  red* 
dens  the  vegetable  colours,  is  volatile,  and,  when  transmit- 
ted through  an  ignited  tube,  is  resolved  into  water,  car- 
bonic acid,  carburetted  hydrogen,  and  charcoal.  Its  salts 
are  in  general  soluble  and  crystallizable. 

This  acid  has  been  more  lately  examined  by  Thenard  * ; 
and  according  to  the  result  of  his  researches,  it  is  merely 
acetic  acid,  the  pungency  of  its  odour  being  probably  de- 
rived from  a  little  sulphurous  acid.  According  to  this  che- 
mist, there  is,  however,  a  real  sebacic  acid,  which  had  not 
been  before  observed,  and  which  is  possessed  of  very  dif- 
ferent properties.  It  is  obtained  by  distilling  lard,  and 
treating  the  product  with  hot  water:  to  the  liquor  thus  pro- 
cured acetate  of  lead  is  added  :  a  flaky  precipitate  is  formed, 
which  is  dried,  and  heated  in  a  retort  with  sulphuric  acid. 
The  liquid  condensed  in  the  receiver  in  this  operation  had 
no  acidity ;  but  there  floated  on  the  matter  in  the  retort  a 
substance  like  fat,  which  was  separated,  washed,  and  boil- 
ed with  water.  The  water  entirely  dissolved  it  j  and,  by 
refrigeration,  crystalline  needles  were  deposited,  acid,  and 
possessed  of  peculiar  properties.  Tht-y  were  also  procur- 
ed, by  treating  distilled  fat  with  water,  filtrating  and  eva- 
porating the  liquor. 

This  acid,  which  Thenard  regards  as  the  Sebacic,  is,  ac- 
cording to  the  enumeration  which  he  has  given  of  its  pro- 
perties, without  smell :  its  taste  is  sli;:'htly  acid  :  it  melts 
like  a  kind  of  fat,  reddens  tincture  of  turnsole,  and  is  more 


*  Nicholson'*  Journal,  8vo,  vol.  i.  p.  SI-, 
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soluble  at  a  high  than  at  a  low  temperature  :  boiling  wa- 
ter saturated  with  it  even  becomes  concrete  by  refrigera- 
tion :  alkohol  dissolves  a  large  quantity  of  it :  it  crystal- 
lizes in  small  needles,  or,  by  proper  precautions,  may  be 
obtained  in  the  form  of  large  lamellae  of  a  brilliant  appear- 
ance. It  precipitates  acetate  and  nitrate  of  mercury  and 
of  lead,  and  nitrate  of  silver:  it  neutralizes  the  alkalis,  and 
forms  with  them  soluble  salts:  that  with  potassa  does  not 
attract  moisture  from  the  atmosphere  :  it  has  little  taste, 
and  is  decomposed  by  sulphuric,  nitric,  or  muriatic  acid. 
It  does  not  render  turbid  solutions  of  lime,  barytes,  and 
strontites.  These  properties  are  peculiar,  and  are  consi- 
dered by  Thenard  as  sufficient  to  distinguish  this  acid  from 
every  other.  Acetic  acid  is  always  formed  with  it,  and 
may  be  obtained  by  saturating  the  product  of  the  distilled 
fat  with  potassa,  and  decomposing  it  by  sulphuric  acid, 
applying  heat  to  volatilize  the  acetic.  The  strong  and  pun- 
gent smell  of  distilled  fat,  he  observes,  does  not  depend  on 
any  acid,  since  the  colour  of  litmus  is  not  changed  when 
exposed  to  the  vapour,  but  depends  probably  on  a  portion 
of  the  fat  volatilized,  and  partially  changed. 

Spermaceti  differs  in  some  of  its  qualities  from  fat. 
It  is  found  in  the  head  of  a  species  of  whale,  the  Physeter 
macrocephalus,  in  an  unctuous  mass,  from  which  a  quan- 
tity of  oil  is  obtained  by  expression.  There  remains  2^ 
flaky  substance,  which  is  purified  by  melting,  washing  with 
water  and  with  a  weak  alkaline  solution.  This  is  sper- 
maceti. It  also  exists  in  the  oils  of  other  species  of  whale, 
and  is  often  spontaneously  deposited. 

Spermaceti  Is  in  masses  of  a  flaky  crystalline  texture. 


01'  SPEliMACETI. 


705 


soft,  but  brittle,  white  and  brilliant.  It  is  less  fusible 
than  fat;  its  melting  point,  according  to  Bostock  and 
Irvine,  being  113°.  By  raising  the  heat  sufficiently,  it 
may  be  volatilized,  and  passes  over  by  distillation  with  lit- 
tle alteration.  By  subjecting  it  to  this,  however,  repeat- 
edly, it  is  decomposed,  a  quantity  of  acid  is  evolved,  and 
a  liquid  oil  formed.  Spermaceti  is  inflammable,  and  burns 
with  a  clear  white  flame  and  candles  formed  of  it  have 
the  same  advantage  as  those  of  wax,  that  from  its  not  be- 
ing very  fusible,  the  wick  may  be  made  small,  and  there- 
fore does  not  require  to  be  snuffed. 

A  property  in  which  it  differs  from  fat  and  expressed 
oil,  is  its  solubility  in  alkohol  and  ether.  In  alkohol  it  is 
dissolved  very  sparingly.  According  to  Dr  Bostock's  ex- 
periments, 100  grains  of  alkohol  dissolve  only  52  grains, 
half  of  which  precipitates  on  cooling.  Warm  ether  dissolves 
it  rapidly  ;  and  by  cooling  it  is  precipitated  so  abundantly, 
as  in  appearance  to  convert  the  whole  into  a  solid  crystal- 
lized mass  *.  It  is  also  dissolved  with  facility  by  oil  of 
turpentine  gently  heated,  and  is  deposited  as  it  cools. 

The  alkalis  act  on  spermaceti,  and  form  soaps,  less  per- 
fect, however,  and  less  soluble  in  water,  than  the  soap  from 
fat.  A  solution  of  pure  potassa  dissolves  it,  and  the  com- 
pound is  soluble  in  warm  water.  Ammonia  does  not  act 
on  it  when  cold,  but  when  boiling  unites  with  it,  and  forms 
an  emulsion,  not  decomposed  by  cooling  or  by  the  addi- 
tion of  water,  but  only  by  an  acid  f. 

The  acids  have  little  effect  on  it  :  concentrated  sulphu- 


*  Nicholson's  Journal,  vol.  iv.  p.  131s 
t  Bostock,  Nicholsoii's  Journa!,  vol.  iv.  p.  134 
Vol.  IV.  Y  y 
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ric  acid  dissolves  it,  and  changes  its  colour  and  wafer 
precipitates  it  from  this  solution. 

In  its  properties  this  substance  evidently  bears  a  strong 
resemblance  to  the  matter  which  principally  composes 
biliary  cakiili,  and  to  that  which  is  formed  by  the  slow  de- 
composition of  muscular  fibre^-^a  matter  which  Fourcroy 
has  distinguished  by  the  name  of  Adipocire,  as  being  in- 
termediate between  fat  and  wax. 


SECY.  XVIF. 

or  riiE  CERv.ruAL  r;;i,r. 

The  soft  matter  which  constitutes  the  substance  of  the 
brain  and  nerves,  is  evidently  different,  in  its  phyeical 
qualities,  from  any  other  animal  substance.  It  has  been 
examined  by  Fourcroy,  with  the  view  df  determining  its 
chemical  characters. 

In  its  consistence  it  is  soft  and  pulpy  :  it  soon  suffers 
spontaneous  decomposition  when  exposed  to  the  air,  but, 
when  immersed  imder  water,  remains  long  without  miich 
change.  Dried  by  the  heat  of  a  Watef-batb,  it  coagulates, 
and  a  little  water  separates  frofri  it.  When  urged  with  a 
Strong  fire,  it  exhales  ammonia,  swells,  becomes  black, 
irielts  and  diffuses  acrid  fumes :  it  inflames  if  the  air  is  ad- 
mitted, and  sulpliurous  acid  is  formed  frorti  its  combustion. 
Wlien  decomposed  in  close  vessels,  the  products  are  oil, 
carbonate  of  ammonia,  carburetted  and  sulphuretted  hy- 
drogen, and  carbonic-acid  gases,  with  traces  of  jvhosphates 
of  lime  and  soda  in  the  residua'!  charcoal. 
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When  the  cerebral  pulp  is  diluted  with  water,  it  is  coa- 
gulated by  heat,  flocculi  separating  ;  the  liquor  separated 
from  these  gives  a  precipitate  with  lime-water,  and  affords 
phosphate  of  soda  by  crystallization.  Alkohol  produces 
coagulation  ;  as  do  the  acids ;  indicating,  therefore,  a  prin- 
ciple analogous  to  albumen.  Sulphuric  acid,  in  coagula- 
ting it  re-acts  upon  it,  an  oily  matter  being  evolved.  Nitric 
acid  diluted  disengages  nitrogen  gas  ;  and  phosphate  and 
oxalate  of  lime,  and  oxalate  of  soda,  are  found  in  the  re- 
sidual liquor.  Muriatic  acid  equally  produces  coagula- 
tion ;  and  the  ley  affords  salts,  the  bases  of  which  are  soda 
and  lime,  neutralized  partly  by  the  muriatic,  and  partly 
by  phosphoric  acids. 

The  alkalis  dissolve  this  matter.  Potassa  acts  upon  it 
in  the  cold,  causing  an  evolution  of  ammonia  ;  when  heat 
is  applied,  the  compound  is  saponaceous. 

By  the  action  of  alkohol,  not  only  is  the  matter  analo- 
gous to  albumen  separated,  but  another  substance  is  ob- 
tained similar  to  some  of  the  varieties  of  adipocire.  The 
alkohol  being  repeatedly  applied  hot  to  the  cerebral  pulp 
previously  dried,  deposited  each  time  on  cooling  brilhant 
laniinie  of  a  yellowish  white  colour.  This  substance  was 
of  an  unctuous  appearance,  softened  at  the  heat  of  boiling 
water,  but  did  not  melt.  At  a  higher  temperature  it  ac- 
quired a  darker  colour,  and  exhaled,  during  its  fusion,  an 
empyreumatic  ammoniacal  odour. 

From  these  results,  Fourcroy  concludes,  that  the  cere- 
bral pulp  consists  of  a  matter  analogous  to  albumen,  more 
oxygenized,  and  containing  no  fixed  alkali,  but  having  cer- 
tain phosphates  in  its  composition.  The  matter  of  the 
nerves  is  composed  of  the  same  substance. 

Yy2 
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CHAP.  III. 

OF  THE  DECOMPOSITIOX  OF  A  MI  MA  L  SUBSTAN- 
CES, FilOM  THE  KE-ACTION  OF  THEIfl  ELE- 
MENTS. 

X  HE  elements  of  which  the  greater  number  of  animal 
substances  are  formed,  having  mutual  energetic  affinities, 
and  the  operation  of  these  affinities  being  favoured  by  the 
state  of  condensation  in  which  they  exist,  these  substances 
are  extremely  liable  to  decomposition,  from  the  re-action 
of  their  constituent  parts.  These  may  take  place  either 
at  natural  temperatures,  or  at  temperatures  more  elevated  > 
and  according  to  either  of  these  circumstances,  the  kind  of 
decomposition,  and  the  new  combinations  that  are  esta- 
blished, are  different.  In  concluding  the  history  of  ani- 
mal substances,  both  species  of  spontaneous  decomposition 
are  to  be  considered. 


SECT.  I. 

OF  THE  DECOMPOSITION  OF  ANIMAL  SUBSTANCES  AT  A 
IIICH  TEMPERATURE. 

When  any  of  the  animal  products  is  exposed  to  heat, 
its  elements  generally  enter  into  binary  or  ternary  combi- 
nation. Nitrogen  and  hydrogen  being  usually  present  in 
largest  proportion,  portions  of  them  combine,  and  iorm 
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ammonia,  which  accordingly  is  always  evolved.  Ano- 
ther portion  of  the  hydrogen  enters  into  combination  with 
carbon  and  oxygen,  forming  empyreumatic  oil,  acid,  and 
oxy-carburetted  hydrogen  gas.  Oxygen  and  carbon  unite 
and  form  carbonic  acid,  with  which  the  ammonia  com- 
bines ;  and  sulphur  and  phosphorus,  which  are  generally 
in  greater  or  less  quantity  constituents  of  animal  matter, 
uniting  with  hydrogen,  and  probably  also  with  certain 
proportions  of  nitrogen  and  oxygen,  form  those  gases, 
having  a  foetid  odour,  the  evolution  of  which  peculiarly 
marks  the  decomposition  of  animal  matter.  These  pro- 
ducts are  evolved  in  different  proportions,  and  under  vari- 
ous modifications,  according  to  the  composition  of  the  sub- 
stance decomposed.  The  residual  charcoal  contains  salts, 
having  lime,  magnesia  and  soda  for  their  bases,  phosphoric, 
sulphuric,  muriatic,  and  carbonic  acids,  and  oxide  of  iron. 

But  besides  these,  which  require  no  farther  observations, 
a  product  is  formed  from  the  decomposition  of  many  ani- 
mal substances  by  heat,  the  Prussic  Acid,  the  chemical 
history  of  which  is  still  to  be  given.  It  exists,  as  has  ale 
ready  been  stated,  (page  342),  in  the  vegetable  kingdom, 
but,  as  obtained  from  animal  substances,  it  is  the  product 
of  their  decomposition  by  heat,  and  it  is  from  this  source 
that  it  is  procured  for  chemical  purposes. 

A  rich  pigment  has  been  long  known  under  the  name 
of  Prussian  Blue.  It  is  prepared  by  drying  blood,  mixing 
three  parts  of  the  dried  residuum  wth  two  parts  of  the 
potash  of  commerce,  and  calcining  the  mixture  in  a  cru- 
clble  by  a  red  heat :  it  is  ihen  boiled  in  successive  portions 
of  water,  which  are  afterwards  mixed  together,  and  con- 
centrated by  evaporation.    A  solution  is  prepared  of  onq 
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part  of  sulphate  of  irou,  and  two  parts  of  alum  and  to 
this  the  liquor  obtained  from  the  calcined  blood  r.nd  alka- 
li is  added,  as  long  as  any  precipitate  is  formed.  This 
precipitate  is  of  a  green  colour,  but  by  washing  it  with  a 
little  dilute  muriatic  acid,  it  becomes  of  a  dark  rich  blue 
colour.    This  forms  the  prussian  blue  oF  commerce. 

Much  attention  has  been  bestowed  on  the  investigation 
of  the  nature  of  this  substance.  At  an  early  period,  af- 
ter Woodward,  ih  1724',  had  made  public  the  process, 
Brown  and  Geoffroy  shewed,  that  other  animal  substances 
besides  blood,  as  flesh,  wool,  Sec.  calcined  with  potash, 
furnished  a  ley  capable  of  forming  prus&lan  blue,  and  as- 
certained some  other  facts  connected  with  its  formation. 

Macquer  made  the  nrtost  important  discovery  with  re^ 
gard  to  it> — that  the  property  of  forming  the  colour  de- 
piends  on  a  principle  combined  with  the  alkali ;  that  in 
the  formation  of  the  prussian  blue,  this  is  transferred  to 
the  iron,  and  that  it  may  be  again  abstracted  from  it  by 
boiling  the  blue  in  an  alkaline  solution ;  the  properties  of 
the  alkali  are  changed,  and  it  acquires  the  power  of  again 
forming  the  precipitate  of  prussian  blue,  from  a  solution 
of  sulphate  of  iron.  He  shewed  likewise,  that  the  reason 
the  precipitate  is  thrown  down  green,  is  that  the  alkali  is 
not  entiiely  saturated  with  the  colouring  principle  •,  the 
excess  of  alkali  throws  down,  therefore,  a  portion  of  yel- 
low oxide  of  iron,  which  mingling  with  the  blue  precipi- 
tate renders  it  green,  and  the  muriatic  acid  gives  the  deep 
blue  colour,  by  dissolving,  and  thus  removing  this  oxide. 

Scheele  completed  the  investigation,  and  shewed  the  na- 
ture of  this  colouring  principle,  by  obtaining  it  in  a  sepa- 
rate state.  Having  found, ^that  v/hen  th*.  liquor  prepared 
from  the  calcined  blood  and  potash  is  exposed  to  the  air, 
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it  loses,  in  a  short  time,  its  power  of  precipitating  iron 
blue  ;  and,  that  when  a  quantity  of  this  liquor  is  put  into 
a  vessel  iiUed  with  carbonic  acid  gas,  paper  that  had  been 
dipt  in  a  solution  of  sulphate  of  iron  being  attached  to 
the  cork,  is  soon  covered  with  precipitated  oxide  of  iron, 
and  when  wetted  with  jnuriatic  acid  assumes  a  blue  co- 
lour :  he  concluded,  since  acids  thus  appear  to  attract  the 
alkali  more  strongly  than  the  colouring  matter  does,  and 
since  this  matter  appears  to  be  volatile,  that  it  might  be 
obtained  by  distiHiition.  He  therefore  put  a  quanticy  of 
the  alkaline  liquor  impregnated  with  it,  into  a  retort,  with 
an  excess  of  sulphuric  acid,  and  distilled  with  a  gentle 
heat.  The  water  which  came  over  had  a  peculiar  smell 
and  taste,  and  produced  with  oxide  of  iron  prussian  blue. 
Exposed  to  the  air  for  some  hours,  it  entirely  lost  this 
property,  the  colouring  principle  being  dissipated. 

Scheele  found  it  dtfficult,  by  single  affinity,  to  transfer 
the  colouring  matter  from  prussian  blue  ;  for  although 
the  alkalis  attract  it,  a  portion  of  oxide  of  iron  accompa- 
nies it ;  and  hence  these  compounds,  as  he  remarks,  are 
all  triple  salts,  consisting  of  alkali,  a  little  iron,  and  the 
colouring  matter.  With  that  skill,  however,  wliich  emi- 
nently marked  all  his  investigations,  he  discovered  a  pro- 
cess bv  which  this  mav  be  effected,  and  which  still  affords 
us  the  best  method  of  obtaiiiing  this  principle  in  an  insu- 
lated slate.  Two  ounces  of  prussian  blue,  and  one  ounce 
of  red  oxide  of  quicksilver  prepared  by  nitric  acid,  arc 
put  into  a  tljt.k,  with  six  ounces  of  water,  and  boiled  for 
some  minutes,  with  constant  agitation.  It  is  taen  pour- 
ed on 'a  filtre,  and  the  mutter  which  remains  on  the  paper, 
iixiviiued  with  two  ounces  of  hot  water.  The  liquid  which 
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has  passed  through,  is  a  combination  of  the  colouring  mat- 
ter witli  oxide  of  quicksilver,  without  any  oxide  of  iron. 
This  he  found  could  not  be  decomposed,  by  acids,  alkalis, 
or  lime  ;  and  the  colouring  matter  could  be  separated  only, 
by  reducing  the  mercurial  oxide  to  the  metallic  state. 
To  effect  this,  the  filtered  solution,  from  the  above  quan- 
tities of  materials,  is  poured  on  an  ounce  and  a  half  of  iron- 
filings,  free  from  rust,  to  which  are  added  three  drachms 
of  sulphuric  acid.  The  oxide  of  quicksilver  is  reduced  to 
the  metallic  state.  The  clear  liquor,  after  the  action  has 
ceased,  is  poured  off  and  distilled.  When  the  fourth  part 
has  come  over,  the  whole  of  the  colouring  matter  is  ob- 
tained, as  it  is  more  volatile  than  water,  and  rises  first. 
There  is  a  slight  contamination  of  sulphuric  .acid,  which 
may  be  removed  by  distilling  from  a  little  chalk  *. 

It  is  doubtful  whether  this  principle  can  be  regarded  as 
an  acid.  Its  taste,  Scheele  remarked,  is  not  sour,  but  ap- 
proaches to  sweet,  nor  does  it  redden  paper  tinged  with 
litmus.  It  has  scarcely  the  most  important  acid  charac- 
ter, the  power  of  neutralizing  the  alkalis  and  earths, 
and  of  forming  with  them  crystallizable  salts ;  at  least  it 
acquires  this  power,  as  BerthoUet  has  remarked,  only  when 
a  metallic  oxide  enters  also  into  the  combination.  It  has 
only  the  remaining  equivocal  acid  characters,  of  being  so- 
luble in  water,  decomposing  soap,  and  precipitating  alka- 
line hydro-sulphurets  ;  and,  as  the  same  chemist  has  ob- 
served, the  name  of  acid  can  be  given  to  it,  rather  from 
the  properties  it  displays  in  its  ternary  combinations,  than 
from  those  it  has  in  its  insulated  state. 

Ppussic  acid,  under  the  form  of  its  watery  solution,  has 
a  strong  odour,  resembling  that  of  the  peach  blossom.  Its 

*  Scheele's  Chemical  Essays,  p.  319. 
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taste  its  sweetish  and  pungent ;  when  pure  it  is  colourless. 
In  its  action  on  the  living  system,  it  is  highly  narcotic,  as 
has  been  already  stated. 

The  volatility  of  this  acid  is  such,  that  it  easily  escapes 
from  its  watery  solution  ;  and  according  to  Bucholz,  it  is 
always  partially  decomposed  by  water.  Like  the  other 
substances  of  animal  origin,  it  is  decomposed  at  a  high 
temperature ;  though  less  readily,  as  is  evident  from  the 
fact,  that  it  is  formed  only  at  the  temperature  of  ignition. 

Prussic  acid  combines  with  the  alkalis  and  earths  j  but 
its  affinity  to  them  is  inconsiderable,  and  the  acid  itself  is 
so  liable  to  decomposition,  that  the  constitution  of  these 
compounds  is  easily  subverted,  water  even  producing 
their  decomposition.  They  are  denominated  Prussiates, 
and  are  best  obtained  in  a  state  of  purity,  by  combining 
the  acid  obtained  by  the  process  of  Scheele  with  the  dif- 
ferent bases.  They  have  been  little  examined  ;  a  few  ob- 
servations only  having  been  made  with  regard  to  them  by 
this  chemist  *.  With  the  fixed  alkalis,  he  remarks,  prus- 
sic  acid  forms  a  compound,  which  though  it  contain  an 
excess  of  the  colouring  matter,  still  restores  the  blue  co- 
lour of  paper  reddened  by  an  acid.  By  distillation,  part 
of  the  prussic  acid  is  separated  from  it,  and  it  is  decom- 
posed by  all  the  acids,  even  by  the  carbonic.  With  am- 
monia a  salt  is  formed,  which  has  still  the  ammoniacal  o- 
dour,  even  when  the  colouring  principle  is  in  excess  ;  this 
salt  rises  by  distillation,  nothing  but  pure  water  remain- 
ing in  the  retort.  The  aqueous  prussic  acid  dissolves  but 
a  small  quantity  of  barytes  j  with  lime  it  presents  nearly 
the  satne  results  as  with  the  alkalis,  combining  with  it, 
and  the  compound  being  decomposed  by  heat,  as  well  as 

*  Chemical  Essays,  2d  Dissertation  on  Prussian  Blue. 
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by  carbonic  acid,  ou  exposure  to  the  air.  Magnesia  is 
dissolved  by  it  in  small  quantity,  but  by  exposure  to  the 
atmosphere  is  again  precipitated.  Argil  is  not  dissolved 
by  it  in  any  sensible  quantity. 

Prussic  acid  has  no  sensible  action  on  metals ;  but  it 
acts  on  the  oxide*  of  some  of  them.  Thus,  oxide  of  gold 
becomes  white ;  oxide  of  silver,  precipitated  by  an  alka- 
line carbonate  from  its  nitrous  solution,  yields  its  carbonic 
acid  with  slight  efFer\'escence  ;  oxide  of  quicksilver  is  dis- 
solved, and  the  solution  crystallizes  in  four-sided  prisms  ; 
oxide  of  copper  assumes  a  citron  colour,  and  oxide  of  co- 
balt a  yellowish  brown.  The  oxides  of  iron,  tin,  lead,  and 
indeed  the  greater  number  of  the  other  metals,  are  not 
affected  by  it.  It  decomposes,  liowever,  some  of  the 
metallic  salts  :  from  a  solution  of  nitrate  of  silver,  a  wliite 
powder  is  thrown  down  ;  from  carbonate  of  iron,  a  preci- 
pitate at  first  of  a  sea-green  colour,  which  changes  to  a 
blue,  and  from  nitrate  of  mei^cury,  a  black  powder.  By  boil- 
ing red  oxide  of  mercury,  either  with  prussiate  of  potash 
or  with  Prussian  blue,  the  prussic  acid  combines  with  the 
oxide  of  mercury  and  if  the  boiling  be  repeated  several 
times  with  the  mercurial  oxide,  nearly  the  whole  of  the 
iron  is  separated  i  and  a  prussiate  of  mercury  is  obtained 
which  crystallizes,  and  which  is  not  decomposed  by  the 
alkalis,  or  by  sulphuric  or  nitric,  but  only  by  muriatic  acid. 
This  is  of  any  of  the  combinations  of  prussic  acid,  there- 
fore, the  one  which  best  displays  its  acid  powers. 

By  complex  affinity,  more  striking  effects  are  produced 
on  the  metallic  salts.  In  examining  these,  Scheele  em- 
ployed prussiate  of  lime  and  he  gives  the  following  enu- 
iiicration  of  the  changes  it  occasions.  A  solution  of  it  being 
poured  into  a  solution  of  gold,  a  precipitate  is  thrown 
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ilown  in  a  white  powder,  which  is  redlssolved  when  the 
prussiate  is  added  in  excess,  forming  a  colourless  solution. 
The  solution  of  platina  is  not  changed :  that  of  silver  is 
precipitated  of  a  white  colour,  and  6f  a  consistence  like 
that  of  cheese  j  the  precipitate  being  redissolved  by  an 
excess  of  the  prussiate,  and  the  combination  in  this  case 
being  so  intimate,  that  it  is  not  decomposed  by  muriatic 
acid.  Mercury  is  precipitated  from  its  nitrous  solution  in 
the  form  of  a  black  powder.  Sulphate  of  copper  is  pre- 
cipitated of  a  citron  colour ;  the  precipitate  being  re-dis- 
solved by  an  excess  of  the  prussiate,  and  forming  a  colour- 
less liquor,  as  it  does  also  when  submitted  to  the  action 
cf  liquid  ammonia.  Sulphate  of  zinc  gives  a  precipitate 
of  a  white  colour  ;  and  this,  unlike  the  greater  number  of 
these  precipitates,  is  soluble  in  acids.  Sulphate  of  iron  is 
precipitated  first  of  a  yellowish  brown  colour,  which  soon 
changes  to  green,  and  then  becomes  blue  on  the  surface, 
as  it  does  also  immediately  on  adding  an  acid.  From  ace- 
tate of  lead,  a  white  powder  is  precipitated  ;  from  the  so- 
lution of  cobalt,  a  powder  of  a  brownish  yellow  colour 
neither  of  these  being  redissolved  by  an  excess  of  acid. 
Similar  compounds  are  established  by  prussiate  of  potas- 
sa  added  to  the  metallic  solutions,  of  which  Proust  has 
given  an  account.  It  is  probable  that  the  greater  num- 
ber of  them  are  triple  combinations  •,  the  prussic  acid, 
with  part  of  the  salifiable  base,  entering  into  combination 
with  the  metallic  oxides,  the  prussic  acid  having  a  tenden- 
cy to  form  such  ternary  combinations  :  hence,  as  Berthol- 
let  has  remarked,  the  supernatant  liquid  retains  an  excess 
of  acid,  though  the  prussiate  by  which  the  metallic  salt  is 
decomposed  contains  more  alkali  than  is  requisite  to  its  sa- 
turation, and  the  precipitate  weighs  more  than  it  could  do 
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if  the  o-xide  alone  were  combined  with  the  prussic  acid  ; 
and  when  the  prussiate  of  potash  and  iron  is  used,  it  ap- 
pears, from  Proust's  observations,  that  a  portion  of  iron 
enters  with  the  other  metaiUc  oxide  into  the  combination. 
These  triple  combinations  of  prussic  acid  with  an  alkaline 
base  and  metallic  oxide,  are  more  permanent  than  the 
pure  prussiates,  the  metallic  oxide  exerting  such  an  affinity 
to  the  prussic  acid  as  to  preserve  it  from  decomposition. 

Of  these  ternary  combinations,  those  with  oxide  of 
iron  are  of  importance,  from  their  use  as  chemical  tests, 
and  as  forming  prussian  blue.  The  liquor  which  is  ob- 
tained by  digesting  an  alkaline  solution  on  prussian  blue 
is  of  this  nature;  it  always  contains  iron  ;  and  hence,  when 
an  acid  is  added  so  as  to  saturate  part  of  the  alkali,  a  pre- 
cipitate of  prussian  blue  is  formed.  When  the  solution 
is  added  tc  a  solution  of  iron,  a  larger  proportion  of  oxide 
of  iron  enters  into  the  combination,  forming  a  similar  pre- 
cipitate, while  the  alkali  is  partly  attracted  by  the  acid 
with  which  the  iron  was  combined. 

The  nature  of  these  combinations  is,  however,  consi- 
derably diversified  by  the  state  of  the  iron  with  regard  to 
oxidizement,  as  Proust  more  particularly  pointed  out  *. 
If.it  exists  in  combination  with  an  acid  at  the  minimum 
of  oxidizement,  the  precipitate  formed,  by  adding  the  ' 
common  prussiate  of  potassa  and  iron,  is  of  a  white  co- 
lour, but  from  exposure  to  the  air,  it  rapidly  acquires  a 
blue  shade  ;  or,  if  the  metal  be  at  a  higher  state  of  oxid- 
izement, the  precipitate  is  at  the  first  blue.  Generally, 
however,  as  thrown  down  from  the  solution  of  iron,  if  no 
acid  he  present,  it  is  of  a  greenish  colour,  from,  an  excess 
of  oxide.     This  is  prevented  when  the  solution  of  iron 

*  Nicholson's  Journal,  4io,  vol.  i.  p.  454'}  8vo,  vol.  xvii. 
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has  an  excess  of  acid  ;  or  the  green  precipitate  assumes  a 
blue,  when  this  oxide  is  removed  by  washing  with  a  di- 
luted acid.  It  thus  appears,  that  there  are  various  prus- 
siates  of  potassa  and  iron,  differing  both  in  the  proportions 
of  the  alkali  and  the  oxide  to  the  acid,  and  in  the  degree 
of  oxygenizement  of  the  metal.  According  to  Berthollet, 
however,  the  distinction  between  the  white  and  the  blue 
prussiates  does  not  depend  merely  on  this  cause,  but  ra- 
ther on  the  force  of  affinity  exerted  by  the  acid  to  the 
oxide  of  iron  in 'its  different  degrees  of  oxidizement,  and 
which  is  therefore  capable  of  being  varied  by  causes  which 
do  not  change  the  state  of  oxidation,  as  by  water  or  by  , 
the  ?.cids,  of  which  he  gives  several  examples  *. 

The  triple  prussiate  which  is  obtained  by  boiling  an  al- 
kaline solution  on  prussian  blue,  has  been  much  used  by 
chemists  as  a  test  to  discover  the  presence  of  iron,  it  be- 
ing a  delicate  one,  from  the  deep  blue  colour  which  it 
strikes  with  the  iron  at  the  maximum  of  oxidizement.  As 
it  always  contains,  however,  a  portion  of  iron,  it  is  liable 
ro  fallacy ;  for  if  any  free  acid  be  present,  or  be  evolved 
in  the  application  of  the  test,  this  re-acts  upon  it,  and 
gives  rise  to  a  precipitate  of  prussian  blue,  indicating,  of 
course,  iron  to  be  present  when  it  is  not.  Chemists  have 
endeavoured  to  remove  this  source  of  fallacy,  by  freeing 
it  from  this  portion  of  iron  ;  but  it  does  not  apjiear,  that 
by  any  process  it  can  be  entirely  abstracted.  Richrer  and 
Bucholz  have  even  concluded,  from  their  investigations, 
that  the  presence  of  the  oxide  of  iron  is  essential  to  pre- 
serve the  constitution  of  the  prussic  atid  ;  that  the  com- 
pound of  this  acid  and  the  alkali  alone,  can  be  formed 
only  in  the  dry  way,  and  at  the  temperature  of  ignition  : 

*  Chemical  Statics,  vol.  ii.  p.  215. 
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vhen  it  is  dissolved  in  water,  it  is  immediately  decom- 
posed }  part  of  the  prussic  acid  escapes,  and,  from  the 
smell  of  ammonia  produced,  part  appears  to  be  decom- 
posed :  it  is  only  from  the  presence  of  oxide  of  iron  that 
the  combination  is  established  ;  and  it  is  more  permanent, 
as  the  proportion  of  this  is  larger.  Ail  the  precipitates 
produced  by  means  of  the  test  prepared  in  the  usual  me- 
thod, they  conclude,  contain  iron,  and  are  different  in 
their  colour  from  those  where  the  iron  is  not  present  *. 

It  appears,  however,  that  when  the  triple  prussiate  of 
potassa  and  iron  contains  only  a  certain  quantity  of  the 
metal,  this  exists  in  the  combination  with  such  force  of 
attraction,  that  even  a  free  acid  does  not  subvert  it,  or 
produce  prussian  blue ;  and  that,  therefore,  a  triple  prus- 
siate of  this  nature  may  be  formed,  which  may  be  employ- 
ed with  more  accuracy  as  a  test  of  iron.  The  liquor 
which  is  prepared  from  the  mixture  of  blood  and  pearl- 
ash  calcined,  is,  under  this  point  of  view,  preferable  to 
that  prepared  from  the  action  of  an  alkaline  ley  on  prus- 
sian blue  ^  for  although  the  former  contains  a  portion  of 
oxide  of  iron  derived  from  the  blood,  yet  it  is  much  less 
considerable  than  that  which  the  latter  contains.  The. 
proportions,  according  to  Bucliolz,  which  answer  best  iia 
preparing  the  triple  prussiate  with  this  view,  are  two  parts 
of  dried  blood  with  one  of  carbonate  of  potassa  *,  this  mix- 
ture being  heated  to  redness  in  a  crucible,  and  being  kept 
in  a  state  of  ignition  for  three  quarters  of  an  hour  after 
the  flame  that  appears  at  the  surface  has  ceased.  .  This, 
dissolved  in  water,  affords  a  liquor  which  contains  only  a 
small  quantity  of  iron,  and  which,  dropt  into  murlstic 
acid,  affords  no  blue,  but  only  a  white  precipitate. 

*  Nicholson's  Journal,  h.  p.  278.    Ann.  de  Chim.  H.  p.  180, 
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Even  the  common  solution  of  triple  prus&Iate  of  potas- 
sa,  and  iron  prepared  by  digesting  an  alkaline  ^lutiou 
with  prussiate  of  iron,  may  be  so  far  freed  from  the  me- 
tal as  to  be  used  as  a  test.  A  process  of  this  kind  em- 
ployed by  Klaproth  has  been  described  by  IMr  Kirwan  *. 
The  most  essential  circumstance  appears  to  be  crystallizing 
the  compound,  by  which  much  of  the  foreign  matter  is 
abstracted.  The  liquor  is  filtered,  and  any  excess  of  al- 
kali saturated  by  the  addition  of  sulphuric  acid  j  (or,  as 
Ricliter  has  since  proposed,  by  acetate  of  lime  :)  it  is 
poured  off  clear  from  a  precipitate  which  is  thrown  down, 
and  is  evaporated,  so  that,  when  set  aside,  it  shall  crystal- 
lize :  crystals  of  a  cubic  form  and  of  a  yellowish  colour 
are  found  mingled  with  crystals  of  sulphate  of  potassa, 
and  with  oxide  of  iron.  The  former  are  picked  out,  and 
rcdissolved  in  water :  any  sulphuric  acid  that  may  be  pre- 
sent is  removed  by  the  addition  of  barytic  water,  and  it 
is  again  made  to  crystallize.  These  crystals  are  dried  and 
kept  for  use  :  if  they  receive  no  bluish  tinge  when  wetted 
with  muriatic  acid,  they  may  be  considered  as  sufficient- 
ly pure  to  be  employed  as  a  test. 

Dr  Henry  has  given  another  process  f .  To  a  solution 
of  potassa  heated  nearly  to  its  boiling  point,  prussian  blue 
is  gradually  added  until  its  colour  cease  to  be  destroy^^d. 
The  liquor  is  filtered,  and  there  is  added  to  it,  while 
warm,  a  little  dilute  sulphuric  acid,  by  which  much  of 
the  oxide  of  iron  is  precipitated  in  the  state  of  prussian 
blue  ;  the  addition  of  the  acid,  by  successive  portions,  be- 
ing continued  until  no  blue  precipitate  is  thrown  down. 
A  solution  of  sulphate  of  copper,  in  6  parts  of  water,  ii 

*  ElcmeF.ts  of  Mineralogy,  vol.  i.  p.  4'94. 
I  Epitome  of  Chemistiy,  p.  230. 
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then  prepared,  and  this  warm  is  to  be  poured  into  the 
clear  liquor  poured  off  from  the  blue  precipitate,  as  long 
as  a  reddish  brown  sediment  continues  to  appear.  This 
is  prussiate  of  copper  ;  it  is  to  be  washed  repeatedly  with 
warm  water  until  the  water  come  off  colourless,  and  is 
then  to  be  dried  on  a  chalk-stone.  This  precipitate,  when 
dry,  is  to  be  added  to  a  solution  of  pure  potassa  ;  the 
prussic  acid  will  leave  the  oxide  of  copper,  and  combine 
with  the  alkali,  forming  a  prussiate  as  free  from  iron  as 
can  be  prepared. 

The  test,  as  prepared  by  any  of  these  processes,  always 
contains,  however,  a  quantity  of  oxide  of  iron  ;  and  al- 
tliough,  from  the  strong  attraction  with  which  this  is  re- 
tained, it  may  be  used  without  much  fallacy  to  discover 
the  presence  of  iron,  it  cannot  be  employed  to  determine 
its  quantity,  from  the  precipitate  which  it  throws  down 
from  any  liquor  containing  this  metal ;  at  least  without 
allowance  being  made  for  the  quantity  it  does  contain. 
This  is  done  by  decomposing  100  grains  of  the  crystal- 
lized prussiate,  by  exposure  to  a  strong  red  heat,  disco- 
vering what  quantity  of  oxide  of  iron  remains,  and  from 
this,  by  knowing  what  quantity  of  the  salt  has  been  em- 
ployed in  the  precipitate,  determining  what  quantity  of  the 
ircwi  which  it  indicates  has  been  derived  from  this  source. 
In  general,  the  crystallized  salt,  as  prepared  by  these  me- 
thods, contains  from  22  to  IK)  in  100  parts  of  oxide  of 
iron.  BerthoUet  has  observed,  that  it  is  more  constant  in 
its  composition,  if  it  be  calcined  lightU\previous  to  the  se- 
cond crystallization ;  the  oxide  not  essential  to  the  com- 
position being  thus  more  effectually  separated.  But  as  the 
composition  is  not  perfectly  uniform,  the  test  of  the  triple 
prussiate,  whether  applied  to  discover  the  presence  of  iron, 
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or  to  determine  its  quantity^  cannot  be  considered  as  per- 
fectly accurate. 

The  triple  prussiate  is  also,  in  the  common  method  of 
preparing  it,  impure,  from  a  mixture  of  sulphate  of  potas- 
sa  derived  from  the  potash  of  commerce,  from  which  it 
has  been  prepared  j  and  this  is  the  source  of  a  mistake, 
which  at  one  time  prevailed  among  chemists,  that  barytes 
is  precipitated  copiously  by  this  test  from  its  s.iline  solu- 
tions. This  may  be  removed  by  the  action  of  barytes  } 
an  additional  step  which  Dr  Henry  proposCvS  to  obtain  a 
f)ure  test,  a  solution  of  barytes  in  warm  water  being  added 
to  the  liquor  prepared  by  the  process  described  above,  as 
long  as  a  white  precipitate  ensues.  A  prussiate  is  thus 
obtained,  free  from  sulphates,  and  nearly  free  from  iron, 
which  by  gentle  evaporation  affords  very  regular  crystals. 

The  Prussian  Blue  of  commerce,  besides  its  essential 
principles,  contains  always  a  quantity  of  argil.  This  is 
derived  from  a  quantity  of  alum,  dissolved  along  with  the 
sulphate  of  iron,  previous  to  the  precipitation  of  this  by 
the  addition  of  the  ley  from  calcined  blood  and  potash  ; 
and  serves  the  purpose  merely  of  diluting  the  deep  colour, 
and  giving  more  consistence  to  the  pigment. 

The  common  prussiate  of  potassa  and  iron  not  only 
precipitates  iron  from  its  solution,  but  the  greater  number 
of  the  other  metals,  all  of  them,  indeed,  except  platina, 
antimony,  and  tellurium  ;  and  thus  affords  a  test  useful  in 
discovering  the  metals. 

Besides  the  triple  compounds  of  prussic  acid,  potassa, 
and  oxide  of  iron,  other  ternary  combinations  are  formed 
yvkh  the  other  salifiable  bases.  That  of  barytes,  the  pro- 
perties of  which  have  been  pointed  out  by  Dr  Henry,  has 
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been  already  noticed.  It  is  crystallizable  ;  the  crystals  are 
rhomboidal,  and  have  a  yellow  colour ;  they  are  sparingly 
soluble  m  water  j  four  ounces,  at  65°,  not  dissolving  more 
than  one  grain,  and  only  between  five  and  six  grains  at 
212°.  The  prussiate  of  strontites  and  iron  is  less  dispos- 
ed to  crystallize :  the  dry  mass  obtained  by  evaporation  is 
jeadily  soluble  in  water ;  one  ounce,  at  65*^,  dissolving 
120  grains*.  The  prussiate  of  lime  and  iron  is  deposited, 
by  evaporation  of  its  solution,  in  minute  crystals  of  a  yel- 
lowish tinge.    The  others  are  scarcely  known. 

The  compound  formed  from  the  precipitation  of  the 
salts  of  copper  by  the  triple  prussiate?  is  of  a  fine  brown 
colour :  it  has  been  introduced  as  a  paint  by  Mr  Hatchet, 
and  found  superior  to  every  brown  paint  now  in  use  in 
beauty  and  intensity.  The  deepest  colour  is  obtained  from 
the  muriate  of  copper,  precipitated  by  the  prussiate  of 
lime  and  iron ;  the  muriate  being  dissolved  in  ten  parts  of 
distilled  water,  aftd  the  solution  of  the  prussiate  added  as 
long  as  there  is  any  precipitation  f . 

From  the  origin  of  prussic  acid,  it  may  be  inferred  to 
consist  of  the  elements  that  usually  form  the  animal  pro- 
ducts. This  is  confirmed  by  the  results  of  its  analysis.  It 
was  known,  that  prussian  blue,  decomposed  by  heat,  af- 
fords ammonia  j  and  Scheele  found,  that  ammonia  is  yield- 
ed also  by  the  other  prussiatcs,  with  carbonic  acid  gas  and 
residual  charcoal..  The  state  of  chemistry  at  that  period 
did  not  allow  of  the  proper  conclusion  being  drawn  ;  and 
Scheele  inferred,  that  prussic  acid  consists  of  ammonia 
and  an  oily  matter.  He  added,  however,  an  instructivjj 
synthetic  experiment.  He  mixed  equal  parts  of  charcoal- 

*  Nicliolsni.'s  Journal,  4lo,  vol.  iii.  p.  171. 
■\  Journals  of  the  Royal  Institution,  vol.  i.  p.  306. 
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powder  and  sub-carbonate  of  potassa,  and  raised  them  in 
a  crucible  to  a  red  heat.  He  then  thrust  to  the  bottDm  of 
the  crucible  nearly  the  same  proportion  of  muriate  of  am- 
monia, in  small  pieces  :  in  two  minutes,  the  production  of 
ammoniacal  vapours  had  ceased  :  the  matter  was  imme- 
diately lixiviated  with  hot  water ;  it  afforded  a  ley,  which 
copiously  precipitated  prussian  blue  from  sulphate  of  iron. 
A  similar,  though  less  perfect  result,  was  obtained  when 
he  substituted  plumbago.  And  from  these  it  appears,  as 
he  remarks,  that  volatile  alkali,  with  carbonaceous  matter, 
can  afford  prussic  acid  *.  No  farther  inference  could  bo 
drawn  while  the  nature  of  ammonia  was  unknown. 

BerthoUet,  when  he  had  discovered  the  composition  of 
ammonia,  applied  the  discovery  to  the  theory  of  the  form- 
ation of  prussic  acid,  and  inferred,  that  this  is  formed  from 
the  elements  of  the  ammonia, — nitrogen  and  hydrogen  en- 
tering into  combination  with  a  portion  of  carbon;  and  that 
it  is  therefore  a  triple  compound  of  these  principles  f. 
This  has  been  confirmed  by  a  variation  in  the  mode  of 
performing  the  synthetic  experiment  of  Scheele,  execut- 
ed by  Clouet ;  passing  ammonia,  in  the  gaseous  form,  dis- 
engaged from  a  mixture  of  muriate  of  ammonia  and  quick- 
lime, through  a  tube  filled  with  charcoal  and  kept  at  a 
full  red  heat :  the  gas  is  received  at  the  extremity  of  the 
tube  in  bottles  containing  water,  or  an  alkaline  solution 
and  pure  prussic  acid  is  found  at  theend  of  theexpcriment:^. 

It  has  been  considered  as  doubtful,  whether  oxygen 


*  Clifmical  Essays,  p.  403. 

f  Memoires  de  I'Acad.  des  Sciences,  1786,  p.  148. 
:{:  Annales  de  Clumie,  tom.  xi.  p.  80.  Journal  de  I'EcoIe 
rolvteciinique,  tom.  ii.  p.  4f)h", 
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enters  into  the  composition  of  this  acid.  BertlioUet  rather 
supposed  that  it  did  not,  or  that  it  contained  only  a  small 
prnportion,  from  finding,  that  in  its  decomposition  the 
gas  disengaged  was  chiefly  carburetted  hydrogen,  and  not 
carbonic  acid.  All  the  species  of  carburetted  hydrogen, 
however,  no  doubt  contain  oxygen  in  their  composition  j 
carbonic  acid,  too,  is  produced  in  a  certain  quantity,  as 
Scheele  observed  j  and  Vauquelin  has  remarked,  that  how- 
ever dry  a  prussiate  may  be  when  subjected  to  decompo- 
sition by  heat,  carbonate  of  ammonia  is  always  produced. 
It  can  scarcely  be  doubted,  therefore,  that  oxygen  enters 
into  its  composition  •,  and  accordingly,  Vauquelin  has  ob- 
served, that  in  the  formation  of  it  from  ammonia  and  char- 
coal, the  quantity  is  much  increased  if  a  substaiice  be  add- 
ed which  can  afford  oxygen.  Thus,  if  oxide  of  lead  be 
employed  instead  of  lime  to  decompose  the  muriate  of 
ammonia  when  it  is  heated  in  a  state  of  mixture  with  char- 
coal, the  product  of  prussic  acid  is  augmented  in  the  pro- 
portion even  of  six  to  one  *. 

Berthollf  t,  in  his  experiments  on  this  substance,  ob- 
served, that  when  it  was  submitted  to  the  action  of  oxy- 
muriatic  acid,  it  suffers  a  chemical  change,  receiving  oxy- 
gen, and  the  oxymuriatic  passing  to  the  state  of  muriatic 
acid.  It  is  not  very  clear,  whether  in  this  case  the  prus- 
sic acid  merely  receives  a  portion  of  oxygen  into  its  com- 
position, or  whether  the  oxygen  combines  with  its  hydro- 
gen or  carbon  only.  The  acid  in  this  state  acquires  a 
stronger  smell,  becomes  more  volatile,  and  appears  to  ex- 
ert less  energetic  affiniiics  to  the  alkalis:  ic  precipitates  ♦ 
iron  green  from  its  solutions;  and  this  precipitate  becomes 


*  Mamial  of  Chemistry  by  Lagrange,  vol  ii.  p.  .^"S, 
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'  tlue  from  exposure  to  light,  or  from  the  action  of  sulphu- 
rous acid,  or  iron.  If  it  be  still  more  impregnated  with 
oxymuriatic  acid,  and  be  then  exposed  to  the  light  of  the 
sun,  it  appears  entirely  to  change  its  nature  :  it  separates 
in  the  form  of  an  oily-like  matter,  of  an  aromatic  odour, 
which  subsides  to  the  bottom  of  the  vessel,  and  which, 
if  converted  into  vapour  by  the  application  of  heat,  still 
refuses  to  unite  with  water  or  with  oxide  of  iron.  When 
the  acid  is  in  that  state  in  which  it  forms  a  green  precipi- 
tate with  iron,  if  lime  or  an  alkali  be  added  to  this  preci- 
pitate, ammonia  is  evolved. 


SECT.  11. 

Ot"  TlJE  SPONTANEOUS  DECOMPOSITION  OF  ANIMAL  Sl.R 
STANCES  AT  LOW  TEM PEUATU RES. 

When  the  affinities  of  the  elements  of  dead  aiiimai 
matter  are  allowed  to  operate  by  that  degree  of  humidity 
or  softness  which  these  substances  usually  have,  new  com- 
binations are  established  even  at  natural  temperatures, 
which  continue  to  proceed  until  the  animal  substance  is 
entirely  decomposed..  Changes  of  this  kind  constitute  tlie 
general  process  of  Putrefaction  j  though  they  are  also 
considerably  varied,  according  to  the  circumstances  under 
which  they  take  place,  and,  in  particular,  according  to  the 
presence  of  air  and  humidity. 

If  animal  matter  be  entirely  excluded  from  these  two 
agents,  in  other  words,  if  it  be  completely  dried  and  se- 
cluded from  the  atmosphere,  it  decays  very  slowly,  any 
sensible  chemical  decomposition  not  being  produced  in  it 
for  a  very  great  number  of  years. 
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If  those  animal  substances  which  are  not  soluble  in  wa- 
ter, those,  for  example,  which  consist  principally  of  fibrin, 
as  the  muscular  fibre  or  flesh,  be  kept  compressed,  or  be 
immersed  in  water,  as  the  air  is  thus  nearly  excluded,  the 
series  of^  changes  are  modified,  and  tl^  fibrin  is  ultimate- 
ly converted  into  a  substance  of  a  fatty  nature,  having  in- 
deed nearly  all  the  properties  of  spermaceti. 

This  species  of  decomposition  was  first  particularly  ob- 
ser\  ed  on  the  occasion  of  the  removal  of  a  burying  ground 
in  Paris,  containing  common  graves,  or  receptacles  des- 
tined for  the  poor,  in  which,  with  a  singular  indifference, 
a  number  of  bodies  were  accumulated  together.  It  was 
known  to  the  grave-diggers,  that  after  a  number  of  years, 
they  were  converted  Into  a  species  of  fatty  matter.  Tour- 
croy  examined  the  appearances  presented,  and  has  given  a 
memoir  on  the  subject,  to  which  I  refer  *.  It  has  since 
been  shewn  by  Dr  GIbbes,  that  when  the  flesh  of  animals 
is  immersed  under  water,  it  is  converted  into  a  similar 
fatty  matter  •,  In  a  piece  of  lean  beef,  secured  in  a  running 
stream,  the  conversion  was  efi'ected  in  the  course  of  a  few 
months  ;  and  it  was  also  produced  by  the  agency  of  dilute 
nitric  acid  f .  In  these  cases,  part  of  the  nitrogen  and  hy- 
drogen appear  to  combine  together  and  form  ammonia, 
which  is  found  in  the  fatty  matter,  while  another  portion 
of  hydrogen  with  carbon,  and  a  proportion  of  oxygen, 
form  the  fat.  f 

When  the  atmospheric  air  is  admitted  to  animal  sub- 
stances, and  moisture  Is  present,  the  process  more  strictly 
named  Putrefaction  takes  place.    This  has  been  (Refined, 
♦.  .  .  

*  Annales  dc  Chimle,  torn.  v.  p.  151-. 

f  Philosopliical  Transactions,  1791,  1793. 
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that  species  of  decomposition  or  change  in  the  mixture  of 
organic  matters,  by  which  ammonia  and  a  particular  efllu- 
viuni  of  a  most  offensive  smell,  called  Putrid,  are  formed. 
It  takes  place  only  in  those  substances  which,  besides  car- 
bon and  hydrogen,  contain  nitrogen  and  phosphorus  :  such 
are  the  animal  products  and  vegetable  gluten. 

The  circumstances  more  peculiarly  favourable  to  it,  are 

due  degree  of  heat  and  moisture,  and  access  of  air.  A 
temperature  from  60'='  to  80°  of  Fahrenheit,  best  favours 
its  progress :  by  intense  cold  it  is  entirely  checked. 

When  this  process  commences,  the  matter  emits  a  slight- 
ly offensive  smell,  which  soon  becomes  extremely  foetid ; 
the  taste  likewise  becomes  nauseous  :  the  colour  is  green- 
ish :  the  firmness  and  cohesion  of  the  substance  are  soon 
diminished,  and  at  length  it  becomes  soft  and  pulpy  j  its 
smell  becoming  more  and  more  offensive.  It  thus  conti- 
nues, losing  weight,  until  the  putrefaction  is  completed, 
and  little  remains  but  an  earthy  residuum. 

In  this  process  then,  the  putrefying  matter  is  resolved 
into  new  compounds,  which  escape  in  the  gaseous  form. 
The  precise  nature  of  these  combinations  has  not,  from 
the  extreme  offensiveness  of  the  process,  been  accurately 
ascertained,  and  they  probably  vary  somewhat  according 
to  the  nature  of  the  animal  substance,  and  the  circumstan- 
ces under  which  the  putrefaction  takes  place.  Ammonia 
is  formed  by  the  union  of  the  nitrogen  and  hydrogen  of 
the  animal  matter,  and  frequently  also  acetic  acid,  by 
which  it  Is  neutralized.  Phosphuretted  hydrogen  is  dis- 
engaged, since  that  gas,  even  when  obtained  pure,  has 
very  perceptibly  the  odour  named  Putrid  ;  and  it  has 
often  been  observed,  that  animal  matter  during  putrefac- 
tion has  appeared  luminous.     Sulphuretted  hydrogeu 
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makes  another  part  of  the  vapours  disengaged  from  putre- 
fying substances ;  as  these  vapours  have  in  some  degree 
its  smell,  and  are  capable  of  blackening  the  metals,  a  pe- 
culiar property  of  this  gas.  Lastly,  carburetted  or  oxy- 
carburetted  hydrogen  and  carbonic  acid  are  evolved.  It 
is  probable  too,  that  not  only  these  binary  combmations, 
but  compound  gases,  consisting  of  three  or  more  of  these 
elements  with  oxygen,  are  formed  and  disengaged. 

This  change  then,  is  nothing  more  than  the  elements 
of  the  animal  substance  entering  into  new  combinations, 
which  pass  off  in  the  gaseous  form,  the  earthy  and  saline 
matter  forming  the  residuum. 

Putrefaction  is  the  great  process  employed  by  nature, 
to  separate  tlie  principles  which  vegetation  and  animaliza- 
tion  had  combined,  and  thus  to  be  subservient  to  their  re- 
composition.  It  is  a  process  which  must  always  go  on 
at  the  surface  of  the  earth  j  its  products  are  diffused 
through  the  atmospherej  absorbed  by  water,  or  form  part 
of  the  soil.  They  furnish  the  principal  nutritious  matter 
for  the  support  and  growth  of  vegetables  ;  and  they  are 
thus  again  brought  into  new  combinations,  which  are  pre- 
pared for  assimilation  in  the  animal  system. 
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Fusible  metal 
Fustic 


450- 

iii. 
iv. 


699 
681 
125 
521 
395 
387 
46 1 
484 
388 
406' 
520 
539 
483 
110 
525 
518 
-654 
687 
197 
470 
684 
312 
661 
686 
■474 
507 
314 
426 
446 
448 
451 
453 
365 

36'9 


G 


Gadolinite 

Galena 

Galldtes 

Gallic  acid 

Galvanism 

Galvanic  apparatus 


iii.  540 

593 

iv.  300 
292 

i.  538 
-  54:3 
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iV. 

i. 
iv. 

iii. 
iv 
ill. 

ii. 

iii. 
iv. 


111. 


Vol 

Garnet  -  iii. 

Garnet,  white 

Gas  -  208-211 

Gases,  absorption  of,  by 

water    -    ii.  142  Notes 
Gastiic  fluid 
Gazometcr 
Gelatin  animal 

 ve  ge  table 

Genis 

Germination 
Gilding 
Girasol 
Glass 
Glucine 

 fossils 

Glue 

Gluten,  animal 

■■  vegetable 

Gneiss 
Gold 

 ■  native 

— —  fulminating 

 oxides  of 

 salts  of 

 potable 

 phosphuret  of 

 alloys  of 

Goulard's  extract 
Graiialilt' 
Granite 
Graphite 
firauwacke 
Crrav  i  meter 
Crieeu  earth 
Grunstein 
Guiac  .  - 

Gum 

fium  .Arabic 

 tragiicanth 

(riim  resin 
f  »un-powder 
(iypsum 

 ■  anhvdrous 


iV. 

iii. 


ii.  467.  &  iii. 


IV. 

iii. 
iv. 


j;. 

iii.  46' J 
iii. 


Pag. 
A31 

5,33 
-214 

716 
577 
233 
513 
171 
491 
.  S6 

79 
615 
2f)4 
274 
o()<) 
674 
617 
1 6;5 
632 

68 
642 

64 

()7 
74 
76 
75 
482 
533 
651 
248 
665 
422 
486 
-665 

'2-19 
112 

11.9 
115) 

247 
312 
-664 
46(." 


Vol.  Pac 


H 


Hard  ^par 
Hccmatite 
Hair 
Heat 
 latent 

 sources  of  the  evolu- 


ui. 

577 
iv. 
i. 


627 
-678 
681 
127 

378 


tion  of  -  439 
  from  chemical  ac- 
tion -    i.  71-443  Notes  589 

 combustion  445 

—  friction       -  443 


—  from  the  solar 
rays  -  439- 

 from  electricity 

■ —  from  galvanism 

—  from  condensation 
relation  of,  to  chemi- 


cal affinity 
Heavy  inriammablc  air  ii. 


 spar 

Heliotrope 

1  lollow  spar 

Honcstone 

Honey 

Honeystone. 

Horn 

1  lornblende 

 slate 


ui. 


IV. 

iii. 
iv. 

iii.  601 
601 


■601 
440 
440 
441 

90 
548 
439 
520 
523 
.504 
14i> 
646 

680 


Hornstone 
Humours  of  the  eye 
Hyacinth 
Hyalite 

Hydrate  of  copper 
Hvdroucn  Lias 

 ~  carbu  retted 

 phospluiretted 

■ — ■  feulphoketted 

super.sul})ha- 


iii. 


II. 


retted 

Hydrogurclted  sulphu- 
rels 

Hydrometer  .  iv. 
ilydro-bulphurets  -  iii. 
 .  nietallic 


-6 

-653 
618 
661 
340 
513 
210 
102 
547 
606 
413 

429 

433 
422 
423 
4* 
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Vol.  Pag. 
Ilydro-sulphuret  of  am- 
monia -  ii.  426 

 potassa  424 

 — — ■  soda       42  ;> 

llydrophanes  iii.  515 

Hyper-oxymuriatic  acid  ii.  672 
llyper-oxymuriates  673 

I 


Jade 

iii.  525 

James  s  powder 

375 

Jari^oii  - 

Jasper 

519 

Jee 

ii.  139 

Jelly,  vegetable 

iv.  17  i 

Ii^nilioti 

lu  240 

1  1^  f  1  1  fT/"l  _ 

lliUILlO  — 

IV.  0  /  yJ 

iiiiuiniiTiaoie  air  ~ 

11      1  / 

i\.  2y  1 

 syin  pathetic  - 

iii.  325 

Insolubility,  relation  of, 

to  chemical  adinity 

i.  83 

&  Notes  6U4. 

1  1*1  /Till  11^  _ 

iii  1 

111.  10-%, 

OAlUt-b  Ul  ~ 

—         9Mlt*;  lit  — 

J  I  \Jll 

222 

— '• — -  allovs  ol 

26' 1 

 OIX'S  of 

56vS 

 oxides  of 

20] 

 sails  of 

234 

 carburet 

247 

 phospliuret 

260 

 sulphuret 

257 

1  serine 

620 

Jttria 

ii.  275 

K 

Kali 

ii.  ISl 

Kaolin 

iii,  263 

Kel}) 

ii.  207 

Kernies  mineral 

iii.  379 

iv.  278 

Vol.  Pag. 

L 


Lac,  red 

iv.  24? 

Lac,  white 

191 

Lactic  acid 

IV.  569 

Lakes 

367 

Lazulite 

iii.  .530 

Lead 

263 

 alloys  of 

277 

  ores  of 

588 

 oxides  of 

266 

 phospliuret 

276 

 salts  ot 

267 

 sugar  of 

iv.  480 

 sulj)huret  of 

iii.  274 

Leaves  of  plants 

iv.  8 

Lemon,  salt  of 

■     iv.  314 

Lepidolite 

iii.  499 

Leucite 

533 

Ligaments 

iv.  676 

Light 

i.  479 

 •  action  of,  in  vegeta- 

tion 

iv.  43-75 

 relation  of,  to  ca- 

loric         -  i. 

Notes  695 

Lignin  r 

iv  345 

Lillialite 

iii.  499 

Lime 

ii.  23« 

 use  of,  as  a  manure  iv.  85 

Limestone,  granular 

iii.  471 

 compact 

473 

 jirimitive 

iii.  653 

 of  transition  655 

  secondary 

657 

Liquor  silicum 

ii.  264 

Litharge 

iii.  265 

Lithic  acid            iv.  5.99-622 

Lithomaige 

iii.  507 

Litmus 

iv.  377 

Logwood 

368 

Luna  cornea 

iii.  89 

Lydian  stone 

518 

Lyrnph 

iv.  57.0 
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Made 

Madder 

Magnesia 


native 


111. 
iv. 
ii. 
iii. 
ii. 

iii.  229-313 
iv. 


Magnesium 
JMagnetism 
]Malates 
!Malic  acid 
Malleability 
^lallachite  - 
Maltha 
^langanese 

 alloys  of 

 ores  of 

 oxides  of 

 salts  of 

pbosphuret 


ui. 


JklanuiCB 

Marble 

Marl 

  slate 


IV. 


111. 


Massicot 

Mastich  -  iv. 

Matrass  -  i. 

Meerschaum       -  iii. 

Blelanitc 

^lellates 

McUite 

INIellitic  acid 

ISIembrane  -  iv. 
!Menachanite  -  iii. 
Menilite 

Mercury.  See  Quicksilver 
Metals 


523 
368 
242 
4S1 
244 
•322 
306 
303 
4 
537 
639 
330 

339 
603 
337 
334 
339 
147 
82 
472 
473 
474 
2(i5 
240 
453 
481 
533 
646 
645 
645 
675 
619 
515 

1 


alloys 

50 

arborescence 

40 

calcination 

8 

carburets 

44 

minerals 

541 

ortfs 

53-541 

oxidation 

11 

phosphuiets 

5(-) 

reduction 

19 

Metallic  salts 

 sulphurets 

Meteoric  ironstone 
Mica 


Vol.  Pag. 


ui. 


green 
slate 


111 


Milk 

Milk  quartz 
Mineral  alkali 

 compounds 

 pitch 

  species 

Minerals,  arrangement  of 

425  &c. 

—  characters  of  441 

 chameleon  337 

natural  positions 


25 
44 
56s 
500 
621 
652 
iv.  561 
iii.  513 
ii.  201 
424 
63(J 
426" 


and  relations  of,  and  their 
formation 
 ■ — •  earthy 


inflammable 

 metallic 

 saline 

Minium 
Mispickel 
Mixture 
Mocho  stone 
Molybdena 

 alloys  of 

  ores  of 

 — —  oxides  of 

suiphuret  of 


1. 

iii. 


Molybdic  acid 
Molybdates 
Mordants 
Moroxyhc  acid 
Mortar 
Mosaic  gold 
Mountain  blue 
 • —  cork 


green 


leather 


Mucilage 


&c. 

Mucus 


from  lichens, 


648 
458 
624 
541 
451 
iii.  265 
606 
61 
517 
39  i 
400 
616 

39.9 
S9F 
398 
363 
343 
241 
290 

557 
4S7 

557 
488 
111 

570 


IV. 

ii. 
iii. 


IV. 


INDEX. 


Vol.  Pac 

Vol.  Pag. 

i.  4 j2  1  Ochre 

iii. 

.507 

Muriacalcile 

iii.  47^ 

Ochroiles 

41,^ 

^lullers  j2,lass  - 

bl5 

Oil 

IV. 

1  Jo 

^Iiiriates 

—  fixed  or  expressed 

J.VO 

jMiu'iatic  acid 

01  8 

—  volatile  or  esbeiitial 

2 1  .J 

^lusclti 

IV.  oo3 

Olt'liiUit  gas 

li. 

Olivm 

iii. 

.534 

IN 

Onyx 
Opal 

;517 
,5 1 4 

j»ail 

IV.  681 

Opium 

iv. 

382 

rsaples  yellow 

iii.  383 

Ores,  inelallic 

iii. 

541 

iS  aphtha 

638 

Orpinient 

607 

Is'arcntic  principle 

iv.  381 

Osmium 

141 

Natrolite 

iii.  530 

Oxjuates 

iv. 

319 

Katron,  native 

Oxalic  acid 

313 

Isccdle  stone 

11. 

5)S 

Iscphritic  stone 

62  j 

A\      •    1  .11' 

Oxides,  metallic 

iii. 

1  i 

Iseutralization,  neutral 

Oxidizemcnt  or  oxida- 

6;dt3 

11.  iJiSU 

tion 

ii. 

97 

v^icKei  - 

ill.  305) 

Oxv"en  eas 

ly 

 alloys  ol 

31*) 

 combinations  oi 

  ores  of 

1 

m  generiu 

60 

"  oxides  ot 

315 

Oxygenizemcnt  or  oxy- 

 salts  of 

310 

genation 

 siiiphuret 

318 

i~\  -                    1               4,4.       1     1           1  * 

Oxvcarburetted  bvdio- 

 phospburet 

318 

<icn  cases 
Oxymuriatic  acid 

Nickeline 

040 

iS'itratos 

11.  tSU4 

Oxvinuiiates 

0/  * 

Nitre       _        ,  - 

-  ■  '  native 

111.  4.53 

i 

~  '   uiucineci  spiiii  oi 

IV.  4-+0 

Nitric  acid 

ii  on? 

I  (Uiauium 

111. 

1  *<>! 

•■  '  ■     oxide  - 

3  Jo 

Pancreatic  fluid 

.)^'* 

— - —  ether 

4\.  43y 

Paper,  bleacliing 

ii. 

66.^ 

Nitrites 

ii.  6:27 

Particles,  constituent 

i. 

63 

Nitrogen  gas 

2.9 

63 

  integrant 

Nitrous  oxide 

341) 

I  asies 

ii. 

269 

 acid 

I  eai  1        *  - 

iv. 

6".9S 

•  einerizcii 

iv  447 

Pearl  ash 

ii. 

1.91 

^'itrnYidps  - 

1^  J  LI  W-^lUt- o 

ii.  362 

Pearl  spar 

iii.  474 

Nitro-niuriatic  acid 

Pearl,  white 

362 

Nomenclature  of  salts 

28() 

Pearl-stone 
Pea-stone 

621 
471 

O 

Peclibltndc 

620 

Perspiration 

iv. 

5.56 

Obsidian 

Vii.  521 

1  Petroleum 

iii. 

039 

735 


INDEX. 


Vol.  Pa". 

to 

Petroiiiex           -  iii.  518 

PetunUf.       -       -  ii.  2.')3 

l^ewter       -       -  iii.  298 

Pliannaciolite           -  GOH 

Phlogisticatcd  air  ii.  30 

Phlogiston             -  6"2 

Phosphates       -  .  .'.US 

Phosphorite         -  iii.  477 

Phospliites  ii.  603 

Phosphorescence        -  i.  486 

]*hosphorus       -  ii.  572 

 oxide  of  587 

Phosphoric  acid        -  591 

phosphorous  acid       -  601 

Phosphuret  of  lime  ii.  60S 

•  of  barytes  608 

Phosphurettcd  hydrogen  ii.  606 


  sulphur 

—  charcoal 

—  oils 


Picromel 
Pinch  l;eck 
Pisolithe 
Pistacite 
Pitchstorio. 
I'laster 
Plastic  stone 
Platina        -  /- 

 alio)  s  cit 

 native 

 oxides  of 

 .  phosphuret 

 salts  of 

Plumbago  ii.  -i6"f 

i'orphyry 

 slate 

Potatoe  staich 
Porcelain 

 Reaumur's 

 clay 

I'otassa 
Potash 
Potassium 
Potstone 
Pottery 
Pra^-c  ' 


6l3 
588 
589 
iv.  .590 

iii.  309 
4?] 
537 
521 

iv.  213 
iii.  483 
iii.  102 

128 
54.) 
117 
127 
118 
247 
6"54 
503 
130 
252 
269 
iii.  50() 
ii.  180 
181,  193,  514 
ISO" 
iii.  483 
ii.  256 
514 


:u. 


IV. 


Precipitation 
Prehnite 
Prus»;iau  blue 
Prussiates 
Priissic  acid 
Pumice 

Purple  powder  of  Cassius  72 

iv.  725 


Vol.  Pag. 
i.  35 

iii.  529 

iv.  721 
713 

342-709 
iii.  521 


I'utrcfaction 
P3Tites,  iron 


arsenical 
Pyrolignous  acid 
Pvrometer 
I'yrophorus 
Pyrope 

Q 


ni.  585 

iii.  606 

iv.  349 

i.  149 

ii.  402 

iii.  533 


Quantity  of  matter,  relation 
of,  to  chemical  affinity 
Notes  594. 

(Quartz 

 stalactites 


in. 


(■,>uartz  mck 

(Quercitron 

Quicksilver 


JV, 

iii. 


allovs  of 


  ores  of 

 oxides 

  baits 


 •-  fulminuliiig 

 sulphuret  of 

— '  phosphuret 


1.  7'^^ 

512 
53S 
654 
369 
1  5<) 
200 
552 

\{)^ 
]6() 

195 

197 

199 


p. 


Radiant  caloric 

 cold 

lladical  vineixar 


llain 
Realgar 


u, 


1. 

i. 
iv. 

Notes  p. 
iii. 


1. 
i. 
iii. 


Receiver 
Rectilication 
Red  lead 
Reduction 

Repulsion  and  the  powers 
by  which  it  is  produced  i 


279 
320 
470 
71s 
6(.)() 
224 
231 
265 
19 

125 
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Vol.  Pag. 

Hcsin 

iv.  ^2^5 

Schorl 

iii.  536 

 ciinitmm 

tlU) 

 —  violet 

536 

 of  hile 

689 

Schorlaceous  beryl 

5i'jS 

Ri'spiration 

5'27 

Schorlite 

5:3  S 

Rete  nuitosuni 

()75 

Sea  salt 

ii.  62$ 

Retoit 

i.  L^24 

Sebacie  acid 

iv.  699 

Rijodium 

iii.  1-1-4 

Se  bates 

701 

Rhomb  spar 

iii.  475 

Secretion 

4>9» 

Rock  crystal 

Selenile 

iii.  46"i 

Hock  salt     -     ii.  O'JS.  iii.  4.)6' 

Semi-metals 

5 

Rocks 

iii.  ()"4i) 

opal 

515 

Rosacic  acid 

iv.  tK]-i 

Serpentuie 

483-e»o3 

Rose  quartz 

iii.  .'il.'j 

Serosity 

iv.  51 

Ruby,  om-tital 

41)4 

Serum 

509-565 

  Brnziliati 

4*)S 

Shell 

696 

Ruby,  spinel  and  b:diiss  4y7 

Siderite 

iii.  2(j(> 

Ruthilu 

61 8 

Sidero-calcitc- 
Sienile- 

()74 
C54 

S 

Silex 

ii.  25y 

Saccharine  acid 

iv.  3 1 5 

 fluate  of 

690 

Saccho-lacUites 

667 

Silicatcd  potassa 

26'i 

Sacchu-lactic  acid 

506 

Siliceous  ftissils 

612 

Sago 

Sal  ammoniac 

 stalactites 

iii.  538 

ii.  640 

Silicium 

ii.  261 

 native       iii.  4,52 

Silk 

iv.  684. 

Saliva 

iv.  .574 

Silver 

iii.  82 

Suit,  sea  iUid  rock 

ii.  6'': 8 

Silver,  allovs  of 

199 

Salop 

iv.  1C<) 

 ■  fulminating 

91-9  i' 

Sdhf-,  neutral 

ii.  2 80-!.' 8 J 

 native         '  - 

54.T 

  metallic 

iii.  Q5 

  ores  of 

546' 

 nomenclature  of     ii.  !28;) 

  oxides  of 

85 

 table  of  the 

coniposi- 

  phor^phuret  of 

98 

tion  of, 

li.  288 

 •  plating 

99 

 method  of  estimating 

 salts  of 

86 

the  composition 

ii.  Notes  7^0 

 sulphm^et  of 

98 

Sandarach 

iv.  240 

Skin 

iv.  672 

Sandstone 

iii.  656 

Slate  alum 

iii.  50* 

Sup  of  vegetables 

iv.  22 

 argillaceous 

504 

Sapphire 

iii.  4(;3-4<)4 

 bituminous 

505 

Saidonyx 

517 

 clay 

505 

Satin  spar 

470 

Smalt 

321 

Saturation 

i.  lOJ 

Smaraiidite 

48«> 

Schualstonc 

iii.  476 

Soap 

iv.  203 

Schaiim  earth 

476" 

 ammoniical 

210 

Schicrtier  spar 

476 

 earthy 

211 

Schilicrstone 

 metulik 

211> 

740 


INDEX. 


Vol  Pas. 

Soaprock  -  iii.  'iS'-i 

Soda  -  -  ii.  201 
^5oil,  nature  of,  and  ana- 


lysis 
Sodium 
Solution 

Spar,  calcareous 

 flucvT 

•  heavy 

Spargel  stone 

Spermaceti 

Spinelle 

Spirituous  liquo'r<> 

Spirit  of  wnie 

Starch 

Stalactites 

Staurolite 

Staurotide 

Steam  engine 

Steatite 

Steel 

Still 

Stoneware 
Strontites 
Strontitic  fossils 
Strontium 
Su  he  rates 
Suheric  acid 
Sublimatiwu 
Succinates 
Succinic  acid 
Sugar 

— —  of  milk 
Sulphates 
Sul|ihitc3 
Sulphur 
Sulphurets 


IV 


mctalli 


:c 


Sulphuretted  hydrogen 


87-S9 

203 
rA-C)6-70 
iii.  467 

459 
4/8 
761 

4.97 
410 
401 
125 
470 
531 
533 
395 
482 
250 
223 
'236 
232 
46"2 
23;; 


111. 
iv. 
iii. 
iv. 


111. 


1. 

iii. 

i. 

ii^ 

iii. 
ii. 


iv.  353 


ui. 


jv, 


111, 


351 
231 
()44 
04.3 
132 
5()1 

387 
40.9 
36'5 
452 
44 
413 


rets 


hyibo-sulphu- 


—  hydrogurcts 

—  hydro-sulpliu- 
ammonia,  soda. 


ret  of 
and  potassa 

 muriatic  acid 


433 
433 


441 
60  4 


Vol.  Pag. 

Sulphuretted  potassium  ii.  454 
Sulphuric  acid  -  371 
Sulphurous  acid  -  405 
Super-sulphuretted  liydro- 

445-429 
iv.  36"9 


gen 
Sumach 
Sweat 
Swinestone 
Synovia 
Synthesis 


IV. 

iii. 
iv. 
i. 


559 

477 

656" 
62 


Telle 
Tannin 


in 
iv 


artificial 


'Janning 
Tantalium 
  ores  of 


Tar 
Tartar 

'  emetic 

Tartaric  acid 

Tartrates 

Tears 

Telesie 

Tellurium 


ores  of 


Teeth 

'Temperature 


ral 


IV. 

1. 

ranne  of  natu- 


486' 
2()4 
281 
287 

iii.  417 
622 

iv.  240 
324 

iii.  374 
IV.  324 
32.0 
572 
iii.  493 
383 
613 
6'9.5 
131 


chemical  affinity 
Tenacity 
Tendons 
Thallite 
'Thermomotor 


scale  of 
relation  of,  to 


436 
47(i 


u  71-90 

iii.  S 

iv.  67 6 
iii.  537 

i.  132 


Thumerstone 
Tin 

—  ;Ulovs.of 


Fahrenheit's 

137 

Reaumur's 

137 

centigrade 

138 

Wf  (Igwuod's 

150 

dillerential 

292 

iii. 

53(.> 

279 

290 

INDEX. 


74) 


Tin,  ores  of 

—  oxides  of 

—  salts  of 

—  sulphnict 

—  pliosphuict 
Tinned  copper 

•  iron 

Tincal 
Titanium 
 ores  (if 

 oxides  of 

 SilltS  of 

Topaz,  oriental 

  occidental 

 rock 

TourmaUn 

Transpiration 

Trap 

Tremollte 
Tripoli 
Tronu 
Tungsten 


acid  of 
ores  of 


Turnsoi*' 

Turpentine 

Tutenag 


I  Cranium 


U, 


•  ores  of 

 salts  of 

Urates 
/rce 

I  l  ie  acid 

1  rinary  calculi 

I'riiifc 


Vol.  Pag. 

iii.  594r 
■2S() 

':97 

4j7 
406* 
618 
407 
407 

■m 

654, 
537 

iv.  J  56 

iii.  653 
'iS9 
508 
455 
401 
'104 
(vi7 

iv.  37S 
239 

iii.  '2S9 


410 
(i20 
411 
iv.  6t>6 
608-610 
599-622 
6:Ki 
596 


\^apori?:ation 
Vapoius 

'\'arni^>lies  -  iv. 
\'egf  table  .'ilkali 

  absorption 

 r—  analysis 


Vegetable  compounds 
  circulation 


^'ol.  Pag. 


i.  207 
i208-'Jll 
245-6412 

ii.  180 
iv.  CO 

lOJ-lOa 


N'egetation 
Verdigris 
\'erdiler 
\'esuv:an 
Vinegar 
Vital  air 
Vitriol,  green 

 white 

\'itrioIic  acid 


green 
functions 
mould 
principles 
physiology 
respiration 
structiu-e 
substances 
secretion 
transpiration 


IV.  5 
16 
lii.  656 
iv.  520 
486' 
103 
.  6" 
12-24 
6' 


9-23 
55-67 
iv.  478 
212 
534 
465 
21 
234 
304 
i.  364 


in 

iv 
ii 
iii 


W 

Wacke  -  iii« 

Water  -  ii.  101. 

Watery  vapour  in  the  at- 

mo.>phfcre,  ii.   51,  and 

Notes  p.  705 
Water  combined  in  gases  ii. 

Notes  p.  7*1-- 
Waters,  mineral  iii. 
Wax         -         -  iv. 

 sealing 

Weld 
Whey 

Whet  slate  -  iii. 

White  le.id  iii.  271«"  iv. 
White  stunt  -  iii. 
Wine  -  iv. 

Winr,  oil  of 

 test  -  lii. 

Woad  '  iv. 

W  olfram  -  iii.  401 
Wood  -  iw  7 

Woodslonc        -  iii. 


603 
114 


156 
691 

1S9 

247 
369 
565 
504 
480 
655 
406" 
431 
■276 
076 
-6 18 
■345 

5iy 


742 


\'ol. 

Parr. 

Vol.  Par;. 

Wofxlopal 

* 

ill. 

Zero 

).  40.^ 

Wool 

- 

iv. 

6S3 

Zinc 

iii.  299 

Y 

 alloys  of 

307 

 ~  ores  of 

.^90' 

  oxides  of 

301 

Yeast 

- 

iv. 

392 

 salts  of 

30'» 

Yellow  iKrid 

 sulphinettf-cl 

 phubi>IiUielLfd 

307 

Z 

Zircon 

ii.  ?72-539 

 fossils 

iii.  5o[) 

Zaftc 

iii. 

321 

Zo(jnic  acid 

iv.  6Y)7 

Zeolite 

527 

Zoophytts 

 cubic 
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